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FOREWORD 

The  most  obvious  contribution  of  this  monograph  is  its  thorough  and 
critical  review  of  the  literature  on  plantar  responses  in  children  over 
the  last  forty  years.  American,  English,  French,  German,  and  Dutch 
sources  are  drawn  upon  in  order  to  present  a  systematic  account.  In  a 
sense  the  Richards-Irwin  work  is  a  research  to  end  researches,  that  is, 
researches  with  loose  assumptions  and  vaguely  defined  subjects,  stimu- 
lations, responses,  and  methods.  That  the  main  problems  will  yield 
to  present-day  methods  of  attack  is  indicated  by  the  original  experi- 
mental work  reported  in  the  latter  portion  of  the  study. 

The  study  should  prove  helpful  to  students  of  physiology  and  psy- 
chology and  to  clinicians;  for  anyone  it  will  answer  the  recurrent 
question,  "What  is  the  sense  of  stroking  babies'  feet?" 


George  D.  Stoddard. 
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CHAPTER  1 
INTRODUCTION 

Almost  since  the  beginnings  of  experimental  work  with  infants,  the 
reaction  of  the  toes  in  response  to  stimulation  of  the  sole  of  the  foot 
has  received  the  attention  of  investigators  of  reflexes.  The  popularity 
which  this  problem  has  been  accorded  may  possibly  be  due  to  a  seem- 
ing necessity  for  the  student  of  infant  reactions  at  some  time  in  his 
career  to  do  an  experiment  on  infantile  plantar  phenomena.  Whether 
or  not  this  be  the  explanation,  there  are  in  the  literature  of  neurology 
and  behavior  actually  hundreds  of  papers  dealing  with  the  subject 
from  both  experimental  and  theoretical  points  of  view. 

Since  Babinski  published  his  original  descriptions  (5,  7)  of  plantar 
responses,  particularly  the  response  of  extension  of  the  great  toe 
with  fanning  of  the  other  toes  ("la  signe  d'eventail") ,  the  literature  of 
clinical  neurology  has  lent  credence  to  the  following  established  facts: 

1.  The  normal  adult  either  fails  to  respond  to  plantar  stimulation  by  toe 
movements  or,  if  he  does,  he  gives  a  flexor  response. 

2.  In  cases  of  injury  to  the  pyramidal  or  cortico-spinal  tract  the  response 
is  one  of  extension  of  the  great  toe,  in  some  cases  accompanied  by  ex- 
tension or  fanning  of  the  smaller  toes.  This  pathological  response  has 
been  given  the  name  of  "the  Babinski  response"  or  simply  the  "sign  of 
Babinski." 

An  immediate  experimental  reaction  to  Babinskis  early  publications 
showed  itself  in  an  interest  in  the  plantar  responses  of  infants.  It 
seemed  logical  to  suppose  that,  according  to  the  contemporary  his- 
tologists  and  neurologists,  since  infants  possessed  no  functional  pyra- 
midal system  until  walking  was  relatively  established,  the  sign  of 
Babinski  should  be  physiological  at  that  level. 

The  student  requires  but  a  superficial  acquaintance  with  the  literature 
to  become  aware  of  at  least  one  fact:  namely,  that  the  evidence  re- 
garding few  scientific  subjects  could  be  more  confusing  and  equivocal, 
yet  more  dogmatic  with  respect  to  neurological  implications.  That 
this  is  the  case  may  be  illustrated  rather  clearly  by  referring  the  reader 
to  Figure  2,  page  34.  This  figure  represents  an  attempt  to  present 
graphically  the  amount  of  extension  of  all  toes  found  by  various  in- 
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vestigators  at  different  age  levels.  It  is,  of  course,  obvious  that  there 
is  in  Figure  2  no  semblance  of  agreement  in  observations  other  than 
in  a  common  tendency  for  all  the  curves  to  descend  with  age.  The 
point  at  which  they  descend  to  a  common  level  is  nowhere  indicated. 

Throughout  the  period  of  the  authors'  interest  in  the  problem  of 
plantar  responses  of  infants  and  young  children,  one  question  has  been 
asked  of  them  several  times  and  quite  rightfully.  "What,"  they  were 
asked,  "is  the  sense  in  stroking  babies'  feet?  What  difference  does  it 
make  which  way  the  toes  do  move?"  Few  investigators  would  disagree 
with  Pratt  when  he  states  in  a  recent  paper  (86,  p.  190-191)  that  "its 
(the  plantar  response's)  significance  in  the  life  economy  of  the  child  is 
quite  trivial,  since  it  has  questionable  utility  as  a  defense  reflex  and  its 
relation  to  'stepping'  movements  is  .  .  .  tenuous.  .  .  ." 

To  answer  the  question  of  the  significance  of  the  plantar  response 
is,  of  course,  the  problem.  Nevertheless,  it  seems  to  the  authors  im- 
portant at  the  outset  to  state  the  reasons  for  their  prosecution  of  what 
would  seem  to  be  an  overtilled  field.  First,  the  conflicting  results 
revealed  in  Figure  1  indicated  the  necessity  for  approaching  the  prob- 
lem with  carefully  controlled  techniques  both  with  regard  to  calibrat- 
ing the  stimuli  used  and  recording  the  responses. 

Moreover,  if  the  Babinski  sign  is  diagnostic  of  malfunction  or  lack 
of  function  of  the  pyramidal  pathways  in  the  human  adult,  there  is 
the  necessity  of  determining  whether  there  is  actually  a  similar  sign 
of  immaturity  of  these  pathways  in  the  young  infant.  On  the  other 
hand,  assuming  that  there  is  a  sign  thus  diagnostic,  can  its  disappear- 
ance at  a  certain  age  level  be  regarded  as  a  criterion  for  the  presence 
of  a  functional  cortex  in  the  young  child,  and  could  not  the  nature  of 
the  sign  thus  be  used  as  a  reliable  measuring  stick  of  corticization  with 
which  one  might  correlate  other  activities,  such  as  walking,  speech, 
etc.?  Finally,  are  the  phenomena  of  infancy  sufficiently  like  those  of 
the  adult  that  one  is  permitted  to  reason  from  one  to  the  other?  In 
short,  the  authors  asked  themselves  the  question,  "What  is  the  actual 
significance  of  toe  responses  of  infants  and  young  children?" 

In  preparing  this  monograph  it  has  been  the  purpose  of  the  authors 
not  only  to  report  the  work  done  at  the  Iowa  Child  Welfare  Research 
Station  with  respect  to  plantar  phenomena  ])ut.  if  possible,  to  present 
adequately  the  various  aspects  of  the  general  probl(>ni  as  indicated  by 
studies  in  the  literature.  It  has  been  hoped  that  by  such  treatment  of 
the  literature  a  few  general  principles,  based  on  reliable  data,  might 
be  deduced  from  the  maze  of  reports.     This  has  led  to  an  attempt  to 
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present  all  studies  in  terms  of  the  technique  employed  and  the  methods 
of  measurement. 

It  has  been  necessary  to  relate  the  problem  of  plantar  responses  of 
infants  and  young  children  to  several  phases  of  the  question  not  strictly 
within  the  field  of  infant  behavior.  Thus,  pertinent  facts  in  the  fields 
of  comparative  neurology  and  physiology,  of  fetal  behavior,  and  of 
clinical  neurology  have  required  at  least  superficial  treatment.  The 
authors  have  tried  in  every  instance  to  present  the  material  in  an  un- 
biased way.  They  have  attempted  in  some  few  cases  to  reinterpret 
the  data  presented  in  other  reports  in  such  a  way  as  to  afford  more 
obvious  significance  to  these  data  without  distorting  them. 


CHAPTER  II 

EXPERIMENTAL  LITERATURE  REGARDING 
PLANTAR  RESPONSES 

GENETIC  ASPECTS 
Phylogenetic  Considerations  Regarding  Plantar  Responses 

Two  types  of  investigation,  the  anatomical  and  the  physiological, 
have  provided  material  upon  which  several  writers  (Friedman  (44), 
van  Woerkom  (105),  Rudolph  (92),  Rabiner  and  Keschner  (89),  Solo- 
mon (100),  and  others)  have  based  interpretations  of  plantar  phe- 
nomena in  terms  of  their  phylogenetic  significance.  Their  viewpoints, 
the  majority  of  which  seek  to  interpret  findings  as  indicative  of  the 
often  mentioned  similarity  between  phylo-  and  ontogenesis,  have  sug- 
gested that  the  Babinski  (extensor)  reflex  is  a  reversion  to  the  prehen- 
sile response  of  arboreal  stages  of  evolution.  These  interpretations 
will  be  discussed  elsewhere.  It  is  important  here  to  review  the  ex- 
perimental evidence  for  the  validity  of  such  interpretations. 

Fulton  and  Keller  published  in  1932,  in  connection  with  their  inves- 
tigation of  plantar  responses  in  primates,  an  extremely  well  summar- 
ized account  (45  I  of  the  literature  relative  to  the  findings  of  experi- 
ments with  animals.  Consequently,  no  attempt  will  be  made  here  to 
give  a  complete  report. 

It  is  obvious  that  a  phyletic  study  of  plantar  responses  must  take 
into  account  the  anatomy  of  the  foot.  Is  the  animal  structurally 
equipped  to  give  a  response  similar  to  that  of  the  human,  provided 
that  it  does  possess  similar  neural  mechanisms?  On  the  other  hand, 
can  one  assume  that  a  response,  supposed  to  be  identical  in  two  dif- 
ferent animals,  suggests  like  neural  components  at  work? 

Anatomical  Evidence 

Considerations  regarding  the  anatomy  of  the  foot  with  respect  to 
plantar  responses  may  be  based  on  the  work  of  Hei)burn  (49),  Mor- 
ton (82).  Schultz  (981.  Straus  (101),  Williams  (113).  and  Rabiner 
and  Keschner  (89),  all  of  which  has  been  touched  upon  by  Fulton  and 
Keller  (45).     They  may  be  quoted  in  this  regard  as  follows: 
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"Anatomical  considerations. — It  is  obvious  that  tlic  Habinski  response  in 
the  monkey  and  chimpanzee  involves  muscles  not  entirely  identical  with 
those  which  produce  the  corresponding  response  in  man.  Both  in  the 
monkey  and  the  chimpanzee  the  hallux  is  abducted  and  the  toes  undergo 
greater  lateral  deviation  than  is  possible  in  man.  The  first  phase  of  the 
human  Babinski  sign  results  from  activity  of  the  extensor  hallucis  brevis 
and  longus  assisted  by  the  other  digital  extensors  and  tlic  peroneous  tertius, 
a  flexor  of  the  ankle.  The  second  phase,  that  of  fanning,  is  due  largely  to 
action  of  the  dorsal  interossei,  probably  assisted  by  the  abductor  digiti- 
quinti  and  abductor  hallucis.  In  the  gorilla  and  chimpanzee  the  same 
muscle  groups  are  brought  into  activity,  but  the  lateral  deviation  (abduc- 
tion) of  the  hallux  is  more  extensively  developed.  The  peroneus  tertius, 
which  was  long  thought  to  be  a  muscle  found  in  human  beings  alone,  is 
present  in  the  gorilla,  but  not  in  the  chimpanzee  (Morton,  .  .  .  [82]),  and 
is  clearly  active  in  the  human  Babinski  response. 

"The  development  of  the  primate  foot  has  recently  been  studied  by  a 
number  of  authors  .  .  .  [Figure  1]  from  Schultz's  [97]  comparative  study 
of  the  foot  in  the  orang,  chimpanzee,  gorilla  and  man,  illustrates  the  gradual 
disappearance  of  the  opposable  hallux  in  the  course  of  primate  develop- 
ment .  .  .  [and]  illustrates  the  corresponding  ontogenetic  development  of 
the  human  foot  with  reference  to  the  hallux.  In  this  connection  it  is  a 
matter  of  some  interest  that  Williams  .  .  .  has  recently  described  an  ata- 
vistic human  foot  with  an  opposable  hallux.  .  .  .  We  look  upon  Williams' 
case  as  especially  significant  because  of  the  striking  anatomical  similarity 
of  the  human  atavistic  foot  to  the  gorilla  foot.  Rabiner  and  Keschner  .  .  . 
[89]  have  emphasized  that  the  great  toe  of  the  gorilla  is  more  nearly  planti- 
grade than  that  of  any  other  infra-human  primate,  and  they  direct  atten- 
tion to  the  following  comment  of  Keith:  'Man  and  the  gorilla  are  both 
evolving,  but  in  opposite  directions;  the  one  towards  brain  and  the  other 
towards  brawn  ...  a  strict  comparison  of  the  structural  characteristics  of 
the  feet  of  man,  the  gorilla  and  the  chimpanzee,  leaves  the  anatomist  con- 
vinced that  the  human  foot  in  the  course  of  its  final  evolution  passes  through 
a  gorilline  stage  .  .  .  the  gorilla's  feet  have  advanced  nearer  to  human  shape 
than  those  of  any  other  ape,  but  the  gorilla  still  walks  with  a  forward  slant 
in  his  body  supporting  and  balancing  his  weight  on  his  l)ent  knuckles  as 
he  advances.'"   (45,  p.  121-122) 

Kappers    (55.   p.   172-177)    presents  an  account  of  the  phyletic  de- 
velopment of  the  pyramidal  system. 

".  .  .  with  the  development  of  the  motor  cortex,  cortico-spinal  fibers  or 
spinal  pyramidal  tracts,  arise,  as  a  spinal  analogue  of  the  cortico-bulbar 
innervation. 

"These  fibers  are  still  few  in  Aplacentalia  and  Ungulates,  where  they 
only  reach  the  cervical  region  (King).  They  increase  in  number  in  Rodents, 
Carnivora  and  Primates,  where  they  extend  through  nearly  the  whole  length 
of  the  cord,  reaching  the  lower  sacral  region  in  man.  Forming  only  7% 
of  the  transverse  section  of  the  cord  in  the  dog,  they  cover  209^  of  it  in 
a  monkey   (Cebus)    and  30%    in  man    (Bregman)    a  progression  analogous 
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Figure  1.  Outlint's  of  Feet  of  Man  at  Various  Ages  and  of  Various  Primates, 
Illustrating  Relative  Proxiniation  of  Great  Toe  With  Other  Toes  (From  Schultz 
(98)   After  Fulton  and  Keller  (45)) 
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to  that  of  the  stereognostic  sensory  increase  in  the  posterior  funiculi,  found 
by  Brouwer. 

"Two  divisions  are  distinguished,  the  ventral,  and  the  dorso-lateral  pyra- 
mids. 

"The  ventral  pryaniids  run  near  the  edge  of  the  anterior  fissure.  In  nian^ 
they  reach  the  lumbar  region  (Erl),  Kooy),  crossing  on  different  levels  of 
the  cord.  In  the  porpoise  they  are  the  only  pyramidal  tract  (Gans),  and 
poorly  myelinated.  They  influence  the  trunk  musculature,  the  motor  nucleus 
of  which  (very  large  in  the  purpoise,  Hepburn  and  Waterston)  is  located 
in  the  ventro-medial  part  of  the  anterior  horn,  near  the  fasc.  longitudi- 
nalis. 

"The  motor  cells  of  the  trunk  muscles  have  already  this  ventro-medial 
location  in  lower  vertebrates,  in  which  no  pyramidal  tracts  occur.  Their 
topography  is  apparently  determined  by  reflectory  tracts  arising  in  the 
oblongata  and  running  in  and  near  the  fasciculus  longitudinalis,  which,  in 
the  cord,  is  situated  medio-ventrally. 

"Probably  the  same  factors  that  cause  the  motor  cells  of  the  trunk  to 
lie  in  this  position  also  determine  the  ventral  localization  of  the  ventral 
pyramids.  .  .  . 

"So,  however  great  the  inducement  may  be  to  say  that  the  course  of  the 
ventral  pyramid  is  determined  by  the  ventro-medial  location  of  the  trunk 
nuclei,  it  is  more  probable  that  the  location  of  both  is  determined  by  re- 
flectory tracts  preceding  the  formation  of  the  pyramids. 

"This  conclusion  is  strikingly  illustrated  by  the  fact  that  the  dorsolateral 
pyramid  does  not  originally  descend  in  the  lateral,  but  in  the  dorsal  funiculi 
which  are  prevailing  sensory,  and  the  formation  of  which  precedes  the 
formation  of  the  pyramids. 

"This  course  is  seen  in  Marsupials  (Ziehen),  Ungulates  (Simpson)  and 
Rodents  ....  where  the  dorsal  pyramid  runs  as  far  down  as  the  lumbar 
region,  and  where  no  termination  in  motor  cells  ever  could  be  observed 
( Reveley ) . 

"In  Carnivora  and  Primates  .  .  .  ,  they  run  in  the  lateral  funiculi,  near 
the  posterior  sensory  horns  and  do  not  acquire  direct  relations  with  the 
motor  cells  themselves. 

"Still  the  influence  of  the  cortical  pyramids  on  the  regulation  of  move- 
ments is  beyond  doubt. 

"Whereas,  in  lower  vertebrates  as  birds  and  reptiles,  the  position  of  the 
body  and  limbs  is  regulated  by  descending  midbrain  and  oblongata  tracts, 
chiefly  the  tr.  rubro-  and  vestibulo-spinalis  which,  in  mammals,  still  have  the 
greatest  influence  on  positional  reflexes  (Magnus"^),  De  Kleyn,  Rademaker, 
Mussen),  the  pyramidal  tracts  inaugurate  a  new  regulation  of  motility, 
only  occurring  in  mannnals  and  attaining  its  highest  degree  in  man. 

"But  this  influence  is  more  a  regulating,  even  in  a  certain  way,  an  in- 
hibiting^ one. 

"So  much  is  sure  that  the  lateral  pyramidal  tract  which  in  primates  and 


lAlso    in    the    Canadian    porcupine    (Simpson    and    King). 
2Magniis   Korperstellun;^.     Springer,    Berlin.    1924. 
3After  their  destruction,   the   muscle   reflexes  are  higher. 
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man  runs  dorsal  to  the  motor  centers  of  the  arms  (legs)  and  fingers  (toes), 
cannot  be  said  to  determine  the  place  of  these  centers.  Here  again  the 
place  of  the  motor  nuclei  is  apparently  defined  by  reflectory  tracts  and 
correlations  already  existing  in  a  primitive  way  in  animals  that  have  no 
pyramids.  For  the  centers  of  the  extremities  this  may  be  the  rubrospinal 
tract,  the  exquisite  reflectory  path  of  positional  reflexes  that  already  occurs 
in  reptiles  and  birds,  and  that  also  runs  in  the  lateral  funiculi." 

Langworthy  (63,  p.  1376)  has  found  that  the  "order  of  medullation 
of  tracts  in  the  nervous  system  of  the  oppossum  was  the  same  as  that 
observed  in  the  cat  and  in  man."  (See  tabulation  on  page  24).  Myel- 
inization,  according  to  this  investigator,  occurs  with  respect  to  various 
parts  of  the  central  nervous  system  in  the  order  in  which  these  struc- 
tures are  developed  phylogenetically. 

Physiological  and  Behavioral  Evidence 

Rudolph  (92)  in  1922  reported  an  investigation  of  plantar  responses 
elicited  from  a  large  number  of  animals  extending  from  the  amphibia 
through  the  scale  to  the  chimpanzee.  His  report  of  the  immediate  re- 
sponses of  the  great  toe  is  presented  as  follows:  (The  following  tabu- 
lation is  quoted  from  Rudolph  (92,  p.  339).) 


Class — Amphibia — ■ 

i.  Common  newlfMolge  vulgaris) 
ii.  Common  toad  (Bufo  vulgaris) 
iii.  Giant  toad   (Bufo  marinus) 
iv.  Argentine  horned  frog   (Ceratophrys  ornata) 
V.  Edible  frog  (Rana  escidenta) 

Class — Reptilia — 

vi.  Tuatera   (Sphenodon  punctatus) 
vii.  Stump-tailed  lizard    (Trachysaurus  rugosus) 
viii.  Cunningham's  skink 

ix.  Tiliqua 
X.  Green  lizard   (Lacerla  viridis) 

xi.  Chamaeleon 
xii.  Gecko 
xiii.  Alligator 
xiv.  Crocodile 

Class — Mammalia 
a.  Rodentia 

XV.  Rabbit   (Lepus  cuniculus) 

xvi.  Guinea  pig  (Cavia) 

xvii.  Chipmunk    (Tamias) 


Right 

Left 

Foot 

Foot 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

F 

F 

Nil 

?F 

F 

F 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 
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Class — Mammalia 

b.  Carnivora 

xviii.  Mongoose   (Helogale  undulata) 
xix.  Mongoose,  Indian  (Herpestes  niungo) 
No.l 
No.  2 
XX.  Fennec   (Canis  zerda) 
xxi.  Domestic  cat  (Felis) 
No.l 
No.  2 
xxii.  Tayra   (Galictis  barbara) 
xxiii.  Kinkajou  (Cercoleptes  caudivoliulus) 

c.  Primates 

xxiv.  Spider  monkey  (Ateles) 
No.l 
No.  2 
XXV.  Spider  monkey,  black-facedM^e/es  ater) 
xxvi.  Bengal  monkey  (Macacus  rhesus) 
xxvii.  Black  manabey   (Cercocehus) 
xxviii.  Burnett's   monkey 


Right 
Foot 

?F 


Left 
Foot 

?F 


?F 

?F 

Nil 

?F 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

F 

F 

F 

F 

F 

E 

E 

E 

E 

E 

Nil 

E 

E 

E 

E 

Not 

Tested 

E 

E 

Extensor  or  dorsiflexion. 


xxix.  Chimpanzee    ( Anthropopithecus) 
[Note — Nil  =:  No  response  obtained.     E 

F  ^  Flexor  or  plantar  flexion.] 
Rudolf  seeks  to  interpret  these  results  in  terms  of  the  theory  that 
the  Babinski  (extensor)  reflex  represents  an  atavistic  reversion  to  the 
prehensile  function  of  the  great  toe.  He  concludes  that  ".  .  ,  normal 
plantar  response,  if  present,  is  of  the  plantar  flexion  type  in  the  lower 
animals,  whereas  in  the  primates  it  is  of  the  dorsiflexion,  or  extensor, 
variety."  He  mentions  the  fact  that  the  arboreal  animals  gave  exten- 
sion (except  for  the  chameleon  and  the  kinkajou  whose  feet  were  stated 
to  be  not  adapted  to  extension). 

Fulton  and  Keller  (45).  in  their  more  exhaustive  analysis,  lend  some 
doubt  as  to  the  validity  of  Rudolfs  findings,  as  the  following  para- 
graph from  their  monograph  will  indicate: 

"As  a  result  of  examining  the  plantar  reflexes  in  more  than  a  hundred 
monkeys,  representing  at  least  twelve  different  species,  many  of  them  tame 
and  all  in  our  own  laboratory  (some  for  periods  as  long  as  one  and  a  half 
years),  we  are  convinced  that  the  normal  plantar  reflex  of  the  monkey  is 
either  absent  or  predominantly  flexor  in  type.  Occasionally  an  imexpected 
stimulus  will  cause  the  animal  voluntarily  to  extend  its  toes  and  occasion- 
ally also  an  initial  weak  extension  is  followed  by  strong  plantar  flexion. 
We  have  seen  this  in  the  normal  animal  and  also  in  monkeys  in  the  early 
stages  of  narcosis  when  there  could  be  no  question  of  the  flexor  response 
being  voluntary  in  character.    The  same  applies  to  the  baboon,  the  gibbon 
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and  the  chimpanzee  and  one  of  us  had  had  the  opportunity  of  examining 
the  gorilla  'Bamboo'  in  the  Philadelphia  Zoo,  in  which  the  plantar  response 
was  clearly  one  of  strong  flexion — more  definite,  more  nearly  human  and 
much  more  easily  elicited  than  in  the  chimpanzee.  We  are  inclined  there- 
fore to  attribute  Rudolfs  observation  of  extension  to  a  voluntary  reaction 
and  suggest  that  those  animals  of  his  series  that  gave  flexion  were  yielding 
a  true  plantar  reflex."    (45,  p.  13) 

Fulton  and  Keller  (45)  subjected  animals  to  varying  degrees  of 
damage  to  the  central  nervous  system  and  observed  the  plantar  re- 
sponses which  could  be  elicited.  They  worked  with  cats,  dogs  (and 
puppies),  one  black  bear,  and  a  large  number  of  primates.  Most  of 
their  interest  was  centered  on  the  latter  group,  and  their  results  are  of 
considerable  interest  and  importance  from  the  viewpoint  of  clinical 
neurology.  The  following  tabulation  is  an  attempt  to  summarize 
briefly  the  results  they  obtained. 


Baboon 


Gibbon 


Normal 
response 

Spinal 
transection 

Semisection 
spinal  cord 


Monkey 

Absent    or   pre-  Absent    or   pre-  Absent    or   pre- 
dominantly dominantly  dominantly 
flexor                    flexor                    flexor 

Plantar  Tremulant 

flexion  plantar 

flexion 


Chimpanzee 


(Low  thoracic) 
Well  marked 
Babinski  on 
side  of  lesion, 
for  2  to  3 
weeks; 
General  leg 
flexion 


Removal  of  one  No    Babinski 
hemisphere 


'Fairly    charac- 
teristic 
Babinski"  on 
side  of  lesion 


Removal  of  one  No    influence 
cortical  leg  on    plantar 

area  responses 


Definite  plantar 
extension   in 
hemiplegic 
extremity, 
associated 
with   with- 
drawal 

Definite 
Babinski 


Strong   positive 
Babinski 
(3  weeks) 


Removal    of  No  influence 

other  cortical       on  plantar 
area  responses 


Double  phase 
Babinski: 

a)  extension 
toes,  followed 
by 

b)  lateral  de- 
viation and 
fanning  of 
four  toes 


"Enhancement"  Accentuation        Accentuates 
of  definite  of  "strong  "double  phase 

Babinski  positive   Babin-    Babinski," 

above  ski"   above  above 
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Fulton  and  Keller  failed  to  find  extension  in  any  of  their  animals, 
thus  disagreeing  with  the  results  of  Rudolf  (92).  The  conclusion  from 
these  results  is  that  the  normal  response  for  adult  animals  is  a  flexor 
(plantar  flexion)  pattern  if  a  response  is  elicited  at  all. 

When  these  animals  were  subjected  to  nervous  injury,  variations  of 
response  were  elicited.  In  the  cat  (which  normally  flexes  and  ap- 
proximates the  toes  on  stimulation)  and  in  the  dog  spinal  transection 
resulted  in  little  change  in  the  response.  Removal  of  one  hemisphere 
had  the  same  negligible  effect  on  plantar  responses,  but  raising  the 
animals  from  the  ground  led  to  a  tendency  toward  fanning  the  toes, 
and  replacing  on  the  ground  led  to  an  approximation  of  them.  The 
removal  of  one  cortical  leg  area  in  a  black  bear  induced  a  tendency 
to  fan  for  forty-eight  hours. 

The  above  variations  seem  to  depend,  in  the  first  place,  upon  the 
phylogenetic  position  of  the  animal  in  the  primate  series  and,  in  the 
second  place,  upon  the  locality  of  the  lesion.  In  monkeys  the  Babinski 
response  is  induced  ipsilaterally  by  stimulation  after  hemisection  of 
the  cord.  Injury  to  the  cortex,  or  even  to  the  whole  hemisphere,  seems 
not  to  affect  the  response  greatly.  In  the  baboon  extension  seems  to  be 
called  out  by  like  hemisection,  but  as  well  or  to  a  greater  extent  by 
removal  of  the  hemisphere.  In  the  gibbon  this  release  of  higher  con- 
trol may  be  induced  by  restricting  the  lesion  to  the  cortical  leg  area. 
In  the  chimpanzee  a  similar  result  is  obtained.  In  addition,  ablation 
of  the  other  cortical  leg  area  results  in  accentuation  of  the  responses 
due  to  unilateral  lesion  for  the  baboon,   gibbon,  and  chimpanzee. 

In  addition,  the  authors  reported  (45,  p.  37-38)  that,  in  cases  of 
"spinal  shock"  or  reflex  depression  following  transection  of  the  cord, 
plantar  flexion  is  the  first  reflex  to  return.  In  the  cases  of  ablation  of 
the  cortical  leg  area,  they  noted  the  time  interval  between  the  opera- 
tion and  the  return  of  reflexes  and  voluntary  control.  Their  results, 
reported  in  time  required  for  recovery  of  reflexes  and  voluntary  power 
in  various  primates  following  removal  of  cortical  leg  areas,  are  as 
follows:  (The  following  tabulation  is  quoted  from  Fulton  and  Keller 
(45,  p.  129).) 
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(Since  the  plantar  reflexes  are  the  first  to  reappear,  the   first  column  indi- 
cates the  duration  of  complete  monoplegia;   numerals  indicate  days.) 

Return  of  voluntary 


Plantar 

Knee- 

power 

(flexion) 

Animal 

Reflexes 

jerk              Hip 

Knee 

Ankle 

Toe 

Macaque* 

..t 

..t                 1 

2 

3 

5 

Baboon* 

0.5 

..t                2 

3 

6 

10 

Gibbon 

1.3 

3                  4 

6 

21 

35 

Chimpanzee 

2 

3                  2 

4 

25 

? 40-60 

*  Average  of  four  animals 

tGreatly  depressed  during 

first  24  hours. 

These  figures  indicate  that  the  duration  of  reflex  depression  fol- 
lowing operation  is  shorter  for  the  lower  primates,  as  well  as  is  the 
period  before  which  voluntary  control  is  made  manifest.  The  findings 
tend  to  support  the  evidence  in  the  foregoing  paragraph  for  the  in- 
creasing dominance  of  higher  centers  as  the  animal  ascends  the  phylo- 
genetic  scale. 

It  will  also  be  seen  that  the  chimpanzee,  upon  removal  of  one  cor- 
tical leg  area,  tends  to  give  a  "double  phase  response."  This  type  of 
response  consists  not  only  of  the  extensor  response  shown  by  the 
baboon  and  gibbon  but  of  a  fanning  and  lateral  deviation  of  the  toes. 
The  authors  (45)  were  careful  to  note  that  the  fanning  and  lateral 
deviation  response  almost  invariably  follows  the  extensor  response, 
and  that,  although  present,  it  is  slight  as  the  result  of  ablation  of  one 
cortical  leg  area  and  greatly  magnified  as  the  result  of  the  destruction 
of  the  opposite  leg  area. 

A  recent  report  by  Kennard  and  Fulton  (58)  indicates  that  similar 
results  are  obtained  in  the  monkey.  The  permanent  "Babinski"  sign 
of  simple  extension  results  from  unilateral  ablation  of  Brodmann 
area  4,  but  no  fanning  is  thus  induced.  Transient  fanning  results 
from  unilateral  ablation  of  area  6.  permanent  fanning  from  bilateral 
ablation  of  that  area.  Ablation  bilaterally  of  areas  4  and  6  leads  to 
permanent  Babinski  extension  and  fanning. 

Fulton  and  his  associates  relate  these  response  phenomena  to  the 
findings  of  Leyton  and  Sherrington    (67)    relative  to  uncrossed  pyra- 

IThe    foUowing    quotation    from    Ranaon    (90)    is    of    interest    in    this    connection: 

"It  has  long  been  known  that  in  the  higher  mammals  the  lateral  pyramidal  tract,  althongh 
consisting  predominatingly  <if  crossed  fibers,  contains  a  few  homolateral  fibers  also  (Simp- 
son, 1902),  and  according  to  the  observations  of  Dcjerine  (1911)  [341  and  other  investigators 
this  holds  true  for  man.  Dejerinc  spcako  of  these  uncrossed  fibers  in  the  lateral  cortico- 
spinal tract  as  a  third  li\indle  arising;  out  of  the  motor  decussation,  and  calls  it  the  "homo- 
lateral" corticosjiinal  fasciculus.  A  good  account  of  this  tract  and  of  the  superficially 
placed  bundle  of  uncrossed  pyramidal  fibers  that  is  to  be  found  in  the  ventral  part  of  the 
lateral  funicilus  in  the  cervical  jiortion  of  the  spinal  cord  is  given  by  Barnes  (1901)." 
(90,    p,    322) 
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midal  paths/  Their  experiment  in  Marchi  degeneration  after  destruc- 
tion of  the  motor  cortex  Fulton  and  his  associates  repeated  more  ex- 
tensively (See  also  the  recent  study  of  Bucy  and  Fulton  (23)).  The 
conclusion  which  Fulton  and  Keller  (45)  feel  justified  in  making  is 
that  the  secondary  or  fanning  and  lateral  deviation  phase  of  the  re- 
sponse subsequent  upon  cortical  leg  area  lesion  may  very  possibly  be 
due  to  the  release  of  higher  control  mediated  largely  through  the  un- 
crossed pyramidal  pathways. 

Fulton  and  Keller  (45)  were  careful  to  point  out  that.  "It  should 
be  understood  that  the  observations  are  as  yet  few  and  that  variations 
in  any  one  species,  due  to  age,  completeness  of  lesion,  etc.,  are  con- 
siderable." (p.  128j  Again  in  closing  they  emphasize  the  danger  of 
interpreting  too  hastily  from  "mice  or  marmosets  to  man,"  and  urge 
that  generalizations  relative  to  man.  based  on  animal  experimentation, 
be  made  only  after  consideration  of  lesions  in  a  series  of  animals  rep- 
resenting different  stages  of  evolution. 

Summary  of  Phylogenetic  Considerations 

Anatomically,  it  is  unlikely  that  feet  of  animals  below  the  primates 
aie  adapted  to  give  responses  comparable  to  the  plantar  responses 
elicited  from  man  under  various  conditions.  Primates,  as  they  ap- 
proach man,  seem  to  have  feet  more  adapted  to  human  plantar  re- 
sponse possibilities. 

The  order  of  myelinization  of  pathways  of  the  central  nervous  sys- 
tem is  the  same  for  oppossum,  cat.  and  man.  There  is  some  evidence 
that  the  order  of  myelinization  in  man  may  be  a  repetition  of  the  phy- 
logenetic order  of  the  development  of  the  tracts. 

Histologically,  below  mammals  the  pyramidal  system  seems  to  be 
of  little  significance.  That  this  difference  is  not  demonstrable  in 
plantar  responses  elicited  from  lower  animals  is  no  doubt  due.  among 
other  things,  to  differences  in  the  anatomically  possible  means  of  re- 
sponding to  the  stimulus. 

The  work  on  responses  of  animals  demonstrates,  at  least  with  pri- 
mates, that  the  normal  reaction  is  flexor  in  character  if  any  occurs 
at  all. 
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Subjected  to  experimental  injuries  to  the  central  nervous  system, 
primates  tend  to  give  extensor  responses  in  proportion  to  their  prox- 
imity to  man.  It  has  been  shown  also  that  the  greater  the  proximity 
to  man,  the  higher  in  the  level  of  nervous  function  must  be  the  locus 
of  the  injury.  In  other  words,  higher  levels  are  of  more  importance 
in  integrating  the  normal  response  in  the  higher  primates. 

It  is  possible  that  the  fanning  response  given  in  addition  to  extensor 
responses  in  monkeys  as  well  as  chimpanzees  on  ablation  of  specific 
Brodmann  areas  of  the  cortex  may  be  due  to  section  of  uncrossed 
pyramidal  pathways. 

Ontogeny  of  Plantar  Responses 

Anatomical  Considerations 

Development  of  Myelin  in  the  Human  Nervous  System. — Babinski's 
(5,  7)  original  suggestion  that  extension  of  the  great  toe  in  adults  was 
a  sign  of  injury  to  the  pyramidal  pathways  resulted  in  an  immediate 
investigation  of  infant  plantar  responses.  We  shall  see  that  the  re- 
sponse believed  to  be  the  infantile  type  was  perhaps  not  strictly  hom- 
ologous to  that  obtained  in  pathological  adult  patients.  It  was  felt, 
however,  that  it  was  indeed  an  infantile  response  and,  together  with 
many  other  responses  of  infants,  required  explanation  on  the  theory 
of  neural  components.  Flechsig  (42)  had  earlier  reported  his  findings 
with  respect  to  myelinization;  since  his  time  the  theory  that  the  de- 
velopment of  myelin  and  the  assumption  of  function  are  somehow  re- 
lated has  been  subjected  to  many  tests.  We  shall  not  develop  the 
subject  fully  here,  since  it  has  been  well  reviewed  by  several  authors. 
It  seems  important,  however,  briefly  to  include  a  list  of  the  more  im- 
portant findings. 

Flechsig  (42)  showed  that  various  systems  of  pathways  tend  to 
myelinate  as  wholes  and  in  definite  order,  and  on  the  basis  of  myelini- 
zation in  the  cortex  he  was  able  to  subdivide  it  into  several  areas. 

Hermann  (50)  found  that  the  myelin  of  a  peripheral  nerve  (frog) 
placed  in  the  flow  of  a  constant  current  tended  to  collect  at  the  anode. 
This  evidence  suggested  to  Kappers  (54)   the  belief  that  myelinization 
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and  the  first  occurrence  of  nervous  conduction  along  the  fiber  are 
related. 

Tilney  and  Casamajor  (102),  as  the  result  of  a  study  of  fetal  and 
newborn  kittens,  were  of  the  opinion  that  myelinization  is  necessary 
to  nervous  function  since  they  occur  simultaneously. 

That  myelin  is  not  necessary  to  function  has  recently  been  suggested 
conclusively  by  the  work  of  Langworthy  (61)  who  discovered  that 
complicated  movements  of  the  oppossum  were  performed  when  there 
was  no  myelin  in  the  nervous  system.  The  same  conclusion  was 
reached  by  Angulo  y  Gonzolez  {1}  who  noted  movements  in  the  rat 
prior  to  the  appearance  of  any  myelin  histologically.  He  suggested, 
therefore,  that  the  pathways  involved  functioned  without  this  structure. 
Clinically  this  evidence  is  supported  by  the  findings  in  cases  of  mul- 
tiple sclerosis,  wherein  nervous  paths  seem  still  to  function  after  mye- 
lin has  deteriorated. 

Langworthy  says: 

"The  process  of  myelinization  does  not  occur  at  a  uniform  rate  through- 
out the  development  of  the  organism.  There  appear  to  be  pulses  or  waves 
of  rapid  myelinization  just  as  it  has  been  shown  that  there  are  pulses  or 
waves  in  cell  differentiation  and  maturation  in  the  nervous  system.  Birth 
seems  to  speed  up  the  process  of  medullation  enormously.  Westphal  [112] 
found  that  this  increased  speed  of  myelinization  occurred  even  in  infants 
born  prematurely.  Donaldson  [37]  demonstrated  in  young  rats  that  starva- 
tion and  malnutrition  have  no  effect  upon  the  time  of  medullation  of  the 
central  nervous  system.  It  is  also  clear  that  myelinization,  once  it  has  begun 
in  one  system  of  fibers,  often  does  not  continue  rapidly  and  may  be  sur- 
passed by  another  system  in  which  the  process  commenced  much  later. 
The  acoustic  pathway  is  myelinated  to  the  level  of  the  acoustic  colliculus 
in  the  eighth  fetal  month.  Although  the  optic  fibers  receive  no  myelin  until 
about  the  time  of  birth,  the  optic  projection  fibers  to  the  cortex  are  me- 
dullated  slightly  in  advance  of  the  cochlear."    (64,  p.  18-19) 

The  material  obtained  by  Langworthy  (64)  in  the  study  of  the  brain 
stems  of  fetuses  at  six,  seven,  and  eight  months  and  of  a  newborn 
infant  at  two  months  of  age  is  presented  in  the  following  tabulation. 
(This  tabulation  is  quoted  from  Langworthy  (64,  p.  51).)  The  mate- 
rial of  Sabin  (93)  on  the  infant  at  term  is  used  by  Langworthy  to 
supplement  the  sequence.  Another  useful  summary  of  similar  material 
has  been  prepared  by  Keene  and  Hewer  (56). 


24 


IOWA  STUDIES  IN  CHILD  WELFARE 


Tracts   in    Nervous    System 

Ventral  spinal  roots 

Dorsal  spinal  roots 

Nerves,  III,  V,  mot.  VI,  VIII,  vest 

Spino-cerebel.    tr.    of   Flechsig    and 
med.   long,   fascic 

Ventral   commissure   of  cord 

Nerves,  IV,  V  sens.,  VII,  VIII  coch., 
IX,  X,  XI,  XII 

Vestib.-spinal  and  cerebel.  trus.  and 
acoustic  lemniscus 

Tr.   gracilis,  tr.  cuneatus  and  nied. 
lemniscus 

Spino-cerebellar   tr.    of   Gower    and 
fibers  to  vermis 

Spino-thalamic  and  habenulo- 
peduncular  tract 

Fibers  of   accessory  olives 

Acoustic    colliculus    and    brachium 
conjunctivum 

Pallido-subthalamic  and  rubro- 
spinal tracts 

Gudden's  commissure 

Optic    tract    and    afferent    fibers    to 
cerebral  cortex 

Medial  lemniscus 

Spino-thalamic  tr.  to  thalamus  and 
striato-rubral  tr. 

Cortico-spinal  and  tecto-spinal  tracts 

Ponto-cerebellar  and  olivo-cerebellar 
tracts 

Stria  terminalis  and  medullaris 

Corpus  callosum   and   brachium   con- 
junctivum to  thalamus 

Fornix  and  secondary  olfactory  con- 
nections 

Mammillo-thalamic  tract 

Correlation  tracts  of  thalamus 

Fronto-pontine  and  temporo-pontine 
tracts 

Correlation  centers  of  cerebral  cortex 


Fetal  Age 
in  Weeks 

Postnatal  Age 
in  Weeks 

16 

20 

24 

28 
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36 
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It  is  interesting  to  note  that  the  ventral  roots  (motor)  are  myelinated 
before  the  dorsal  roots  (sensory)  and  that  the  efferent  paths  from  the 
hemispheres  become  myelinated  before  the  afferent  paths  leading  to 
them.  Taking  into  consideration  the  findings  regarding  the  behavior  of 
fetuses,  Langworthy  is  of  the  opinion  that  early  fetal  movements  are 
due  to  changes  in  the  blood  stream  (as  Graham  Brown  had  earlier 
shown  to  be  possible  (19,  20))  and  that  later,  when  reflexes  become 
necessary  lo  mediate  responses  of  the  organism  to  its  environment, 
their  beginning  function  induces  myelinization. 

Development  of  Responses 

Fetal  Period. — Minkowski  (71-79)  reported  especially  on  the  plantar 
responses  of  human  fetuses,  providing  a  summary  of  the  major  work 
done  at  the  time.  More  recently  Carmichael  (25)  and  Langworthy 
(64)  have  organized  the  material  in  English.  Since  these  excellent 
accounts  are  available,  we  shall  only  mention  the  findings  briefly.  The 
major  facts  brought  out  by  the  leading  investigations  have  been  ab- 
stracted from  the  accounts  of  Langworthy  and  of  Carmichael  and  are 
presented  below: 

1.  Embryonic    or    transition    neuromuscular    stage;     age,    second    month; 

length,  160  mm. 

Behavioral  Findings 

Minkowski  (77)  reports  spontaneous  dorsal  flexion  of  the  great  toe, 
although  unable  to  secure  direct  response  to  touch  of  sole  of  foot.  Min- 
kowski regards  this  stage  as  characterized  by  inconstancy  and  variabil- 
ity. Sometimes  the  pattern  of  dorsiflexion  changes  to  plantar  flexion  and 
vice  versa.  These  responses  are  obtained  only  under  favorable  conditions 
of  muscular  tension  of  extensors  and  flexors,  etc. 

Neurological  Explanation 

This  is  a  period  of  transition  from  ideo-muscular  to  control  of  muscles 
by  the  nervous  system.  Thus,  necessary  factors  are  the  excitability  and 
conductivity  of  corresponding  segments  of  the  spinal  cord. 

2.  Early  fetal  or  spinal  stage;  age,  three  to  four  months;  length,  180  mm. 

Behavioral  Findings 

Minkowski  (75)  reports  that  upon  touching  sole  of  foot  at  time  of 
delivery,  dorsal  extension  of  great  toe  occurred;  later,  plantar  flexion 
took  place.  He  feels  that  dorsal  flexion  of  great  toe  here  predominates 
over  plantiflexion,  but  it  is  purely  a  relative  matter  and  seen  only  under 
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optimum  conditions.    Due  to  cooling  or  asphyxiation  of  fetus,  extension 
responses  tend  to  change  to  the  plantar  form.    (75) 

Neurological  Explanation 

Response  here  is  attributed  to  control  of  spinal  centers.  Transection 
of  the  spinal  cord  in  the  cervical  region  has  no  effect  upon  the  response. 
Minkowski  (75)  considers  plantar  reflex  to  be  spinal  at  this  stage. 

3.     Medium  fetal  or  tegmento-spinal  stage;  age,  four  to  six  months;  length 
190-270  mm. 

Behavioral  Findings 

(190mm.)  Minkowski  (74)  here  secured  diffuse  responses:  diagonal 
reflexes  were  established,  such  as  movements  of  the  arm  on  the  opposite 
side  to  stimulation  of  the  foot,  which  might  lead  even  to  movements  of 
the  contra-lateral  little  finger. 

(200  mm.)  Brushing  the  feet  of  several  fetuses  of  this  age  was  found 
to  lead  to  plantar  flexion  of  the  toes,  except  the  great  toe,  which  did 
not  move.    (74,  75,  78) 

(240  mm.)  Krabbe  (60)  found  percussion  to  lead  to  slow  movements 
and  contraction  of  the  muscles  of  the  limbs,  while  the  plantar  reflex 
occurred  without  involving  movement  of  the  great  toe. 

(270  mm.)  Minkowski  (74)  noted  plantar  flexion  upon  stimulation 
immediately.   He  believes  that  this  response  at  this  stage  is  purely  spinal. 

(270  mm.)  Bolaffio  and  Artom  (13)  observed  that  no  plantar  could 
be  elicited. 

It  will  be  seen  at  once  that  all  types  of  response  appear  during  this 
period,  with  perhaps  a  tendency  for  the  dorsal  type  to  predominate: 
dorsal  extension  of  great  toe  alone,  fanning,  extension  followed  by 
flexion  of  the  four  toes,  but  not  the  great  toe.  At  this  stage  it  must  be 
noted  that  the  great  toe  may  oppose  the  others,  giving  the  prehensile 
reflex  of  the  monkey.    Leg  flexion  may  accompany  extension  of  the  toes. 

Bersot  (12)  noted  that  the  earliest  response  to  stimulation  of  the  sole 
of  the  foot  involved  the  toes  only,  was  slow  and  of  small  amplitude, 
and  involved  the  great  toe  but  little.  The  reflex  fatigued  easily.  In  later 
stages  the  whole  leg  flexed,  the  reaction  became  more  generalized,  and 
finally  the  whole  organism  participated.  Thus,  during  the  first  six  months 
of  antenatal  life,  the  reaction  restricts  itself  to  narrower  and  narrower 
limits,  until  finally  it  acquires  the  pattern  of  a  definitive  plantar  response. 

Neurological  Explanation 

Supraspinal  factors  here  enter  in.  Cervical  transection  leads  to  a 
period  of  shock  and  areflexia,  followed  by  a  response  frequently  of  the 
plantar  type.  Transection  of  the  brain  stem  between  midbrain  and 
medulla  leads  to  an  inversion  of  response.    The  plantar  response  is  now 
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under  influence  of  a  supraspinal  factor  which  favors  dorsal  flexion;  this 
control  lies  in  the  medulla. 

Reticular  or  tegmental  fibers  of  the  medulla,  and  fibers  in  the  medial 
longitudinal  fasciculus  become  medullated  at  this  stage;  hence  the  name 
"tegmento-spinal"  for  this  stage.    (Minkowski's  term) 

4.    The    pallido-cerebello-tegmento-spinal   stage;    age,   last   months;    length, 
330-340  mm. 

Behavioral  Findings 

(330  mm.)  Bolaffio  and  Artom  (13)  here  noted  that  percussion  re- 
flexes of  fingers,  toes,  and  the  sole  of  the  foot  could  be  elicited  by 
proper  stimulation  locally,  but  that  the  plantar  reflex  still  appeared  to 
be  absent. 

(340  mm.)  The  same  authors  noted  in  this  fetus  a  plantar  flexion  of 
the  toes  upon  stroking  the  sole  of  the  foot,  which  response,  with  others, 
became  more  vivid  just  before  the  death  of  the  fetus.    (13) 

(340  mm.)  "With  a  still  larger  fetus  (13)  a  unified  toe  phenomenon 
was  elicited  by  slight  stimulation,  and  a  more  energetic  stimulus  called 
forth  flexion  of  the  toes. 

Bolaffio  and  Artom  (13)  believe  that  the  typical  plantar  reflex  of  this 
stage  is  very  similar  to  that  found  in  adults,  although  it  is  more  variable. 

Neurological  Explanation 

This  stage  is  the  beginning  of  myelinization  in  vermis  of  cerebellum, 
corpus  restiform,  brachium  conjunctivum,  red  nucleus,  and  basal  ganglia. 

At  the  seventh  month  the  plantar  reflex,  according  to  Minkowski,  now 
probably  involves  not  only  the  centers  concerned  during  previous  months, 
but  also  part  of  the  lenticular  nucleus  and  the  red  nucleus.    (25) 

Peiper  (84)  believes  the  movements  of  the  late  fetus  and  infant  to 
be  athetoid,  attributable  to  imperfect  functioning  of  the  corpus  striatum. 

From  the  observations  here  reported  it  may  be  concluded  that  dur- 
ing the  fetal  period  the  first  plantar  responses  seen  at  about  two 
months  are  fleeting  and  inconsistent  in  character.  They  show  a  ten- 
dency to  extension  but  gradually  become  flexor.  During  the  last  three 
months  of  the  period  of  gestation  they  appear  to  be  of  a  well-estab- 
lished flexor  type. 

Prematures. — Reference  will  later  be  made  (p.  47-48)  to  experimental 
studies  of  the  responses  of  prematurely  born  infants  as  compared  with 
those  of  normal,  full-term  infants.  This  evidence  suggests  that  pre- 
matures tend  to  give  a  greater  percentage  of  extensor  responses  than 
do  full-term  infants. 
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Responses  of  Infants  Immediately  After  Delivery. — Observers  who 
have  examined  infants  within  a  few  minutes  after  delivery  report  that 
during  this  period  responses  are  of  a  flexor  (perhaps  similar  to  the 
fetal)  type  (Waggoner  and  Ferguson  (106)).  The  observations  of 
Lantuejoul  and  Hartmann  (65),  reported  later  with  respect  to  type 
of  birth  and  anesthetic  used,  were  made  on  thirty  newborn  infants  in 
the  delivery  room.  In  each  case  the  responses  noted  when  obtained 
were  clear  flexor  patterns  for  the  first  five  to  ten  minutes,  after  which 
the  "infantile"  extensor  patterns  were  obtained  rather  consistently. 

Chaney  and  McGraw  (26)  more  recently  have  reported  the  reflex 
response  of  two  groups:  one  of  twenty-five  "partunates"  or  infants 
within  the  first  fifteen  minutes  after  delivery,  and  one  of  one  hundred 
"neonates"  infants  from  fifteen  minutes  up  to  two  hours  of  age.  Their 
results,  reported  in  Table  1,  show  that  the  increase  in  age  seems  to 
lead  to  a  decrease  in  extensor  patterns  and  an  increase  in  flexor  pat- 
terns. This  finding  disagrees  with  that  of  Lantuejoul  and  Hartmann 
(65). 

Infants  and  Young  Children. — In  a  preliminary  examination  of  the 
literature  it  became  apparent  that  there  was  very  little  agreement  be- 
tween investigators  as  to  the  nature  of  plantar  responses  in.  infants  and 
young  children.  The  results  of  all  the  major  investigations  have  been 
reported  in  Table  1.^ 


2The  authors  have  taken  considerable  liberty  in  rearranging  material  provided  in  many  forms  in 
the  literature  in  an  effort  to  organize  the  whole  into  tables  which  would  (1)  present  the  essential 
features  of  the  studies  in  (lucstion  without  distorting  the  evidence  and  (2)  place  upon  a  comparable 
basis  the  findings  of  each  study  with  respect  to  the  others.  In  reading  Table  1,  as  well  as  all 
other  tables  and  tabulations  with  the  notation  "adapted  from,"  the  reader  should  take  into  consid- 
eration the  factors  of  stimulating  conditions  in  the  present  study.  These  facts  of  stimulation  we 
have   tried   to   present   briefly    in   Appendix   H. 

Full  bibliographical  citations  are  made  for  each  study  mentioned  in  this  review  so  that  our  own 
treatment   of   the   data   may   be   cheeked   easily   by   the   reader. 

Schiller   (96)  :   "Extension"   here   includes  extension   of   the   toes  plus  extension   of   the   great   toe. 

Walton  and  Paul  (109)  :  "Flexion"  here  includes  flexion  on  both  sides  and  cases  of  flexion  of 
one   foot   and   no   response   of   the   other. 

Fleischner  (43)  :  "Variable"  here  includes  "dorsiflexion  on  external  stimulation,  plantiflexion  on 
internal    stimulation." 

Feldman  (40):  The  percentages  given  were  determined  by  Feldman  after  he  had  excluded  all  no 
responses.  Feldman  states  that  he  obtained  no  response  in  about  15  per  cent  of  cases,  which  is 
not  certain  enough  to  warrant  a  correction  at  each  age  level  so  that  his  percentages  might  be  made 
more  comparable  with  those  of  other  studies.  It  might  be  kept  in  mind,  however,  that  Feldman's 
percentages   are   about   17.5   per   cent   too   high   in   the   case   of   each   type   of   response   reported. 
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For  purposes  of  graphic  comparison  of  the  genetic  changes  in  re- 
sponses we  have  calculated  mid-points  for  each  study  including  more 
than  one  age  level.  The  curves  for  percentage  of  extension  have  been 
drawn  and  are  presented  in  Figure  2  from  birth  through  three  years.*'' 

Early  in  the  study  of  tlie  literature  it  was  hoped  that  we  could  in 
part  explain  the  obvious  differences  in  findings  therein  reported.  As 
our  acquaintance  with  the  problem  developed,  however,  we  became 
increasingly  convinced  that  an  analysis  in  terms  of  single  factors  re- 
sponsible for  these  divergences  would  be  of  extremely  doubtful  valid- 
ity. Investigators  have  failed  in  almost  every  instance  to  report  con- 
ditions of  experiment  considered  by  other  investigators  to  be  of  pri- 
mary importance.  It  was  found  impossible  in  any  way  to  hold  one 
condition,  such  as  pressure,  constant  while  variations  in  the  others 
were  studied  with  respect  to  the  various  reports.  A  single  author 
may  note,  for  example,  whether  the  feet  are  "warm"  but  he  may  have 
nothing  whatever  to  say  with  respect  to  direction  of  stroke,  pressure, 
etc.  As  we  shall  see,  the  stimulus- I'esponse  situation  is  a  complex  of 
many  factors;  the  importance  of  most  of  these  factors,  though  not  defi- 
nitely established,  is,  nevertheless,  a  potential  demanding  at  least  some 
preexperimental  respect. 


Lantuejoul  and  Hartmann  (65)  :  Reactions  here  are  *'spontaneou^i"  (due  to  no  external  stimulus 
of  a  specific  kind)  and  should  not  be  compared  in  frequency  with  those  of  other  studies.  **Variable". 
includes    flexion    and    extension    with    or   without    dominance    of    either. 

Pratt,  Nelson,  and  Sun  (87)  :  These  authors  presented  their  material  in  terms  of  specific  responses 
per  stimulation.  Thus  their  percentages  are  not  of  mutually  exclusive  groups  and  do  not  total  to 
100  per  cent.  The  group  of  infants  studied  included  seventy-one  cases.  For  these  two  reasons  the 
percentages  given  are  not  strictly  comparable  to  those  of  other  studies.  They  also  reported  foot  and 
leg  responses  which  will  be  discussed  later.  "Extension"  here  includes  extension  of  all  toes,  exten- 
sion of  the  great   toe,   and   fanning.      "Flexion"    here   includes  flexion   of  all    toes   and   of   the  great   toe. 

Waggoner  and  Ferguson  (106)  :  "Variable"  here  includes  the  response  "dorsiflexion  of  the  great 
toe   and    plantiflexion   of   the   lesser   toes.** 

Wolff  (115)  :  "Extension"  here  includes  extension  of  the  great  toe  alone.  "Variable"  here  in- 
cludes  mixed    (extension    and    flexion)    and    asymmetrical    responses    (differing    between    two    feet). 

Davidson    (32)  :   "Extension"   includes   extension   of  all    toes   and   of   great   toe. 

Chaney  and  McGraw  (26)  :  "Extension"  here  includes  extension  of  great  toe  alone.  "Flexion" 
here  includes  adduction  of  great  toe,  flexion  of  great  toe,  and  flexion  of  lesser  toes  alone.  "Vari 
able"  includes  extension  changing  to  flexion,  the  reverse,  and  like  reactions  of  great  toe  alone.  These 
authors,  like  Pratt,  Nelson,  and  Sun,  studied  foot  and  leg  responses.  Like  these  authors,  too,  they 
used  a  system  of  specific  responses  per  stimulation,  so  that  their  percentages  total  more  than  100 
per  cent.     In   the  2   to  235  hour  group   "no   test"  occurred  in   1.2   per  cent  of   cases. 

3In  Figure  2  heavy  lines  are  drawn  between  points  at  which  at  least  twenty-five  subjects  were 
used  in  the  experiment.  The  broad  curve  will  be  referred  to  later;  it  represents  the  tendency  implied 
by  the  authors*  data  on  extension  of  all  toes,  and  is  drawn  within  the  limits  of  the  sigmae  of  the 
percentages    at    the    mean    ages    of    the    age    groups. 
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Although  we  shall  not  attempt  to  explain  the  differences  so  obviously 
apparent  in  the  literature,  the  fact  that  they  exist  is  extremely  im- 
portant in  itself,  both  from  the  experimental  point  of  view  and  from 
the  standpoint  of  the  validity  of  the  method  of  clinical  observation. 
In  this  connection  it  is  interesting  to  note  two  features,  suggestive  if 
not  of  actual  import:  (1)  The  curves  for  percentage  of  extension, 
shown  in  Figure  2.  which  are  above  the  "average"  tendency  are  pre- 
dominantly those  of  continental  investigators  (French.  German,  and 
Dutch),  while  the  lower  curves  are  those  of  English  or  American 
studies.  (2  I  The  older  studies  seem  to  find  more  extension,  the  later 
studies  less.  It  might  be  assumed  on  the  basis  of  Babinski's  clinical 
findings  with  pathological  adults  that  infants  should  give  extension. 
Is  it  not  possible  that  the  colleagues  of  Babinski.  both  chronologically 
and  geographically,  may  have  obtained  results  tending  to  confirm  his. 
while  in  later  years  there  has  been  a  preanalytical  skepticism,  foreign 
to  the  birthplace  of  the  Babinski  sign,  leading  to  a  contradiction  of  the 
older  studies?  Such  a  possibility  would  seem  at  least  to  merit  con- 
sideration. 

It  is  obvious  that  the  curves  for  percentage  of  extension  as  presented 
in  Figure  2  tend  in  the  case  of  each  study  to  descend  as  time  proceeds. 
This  fact  in  itself  indicates  that  no  matter  to  what  extent  extensor  pat- 
terns may  or  may  not  occur  during  the  first  weeks  of  life  they  are  ob- 
served by  all  experimenters  to  drop  out  so  that  at  a  time  somewhere 
between  one  and  two  and  one-half  years  their  frequency  of  occurrence 
is  practically  insignificant. 

Responses  of  Adults. — As  a  group,  clinical  neurologists  are  agreed 
that  the  normal  adult  response,  if  obtained,  is  one  of  flexion.  (See 
definitions  taken  from  neurological  texts,  pages  56-57).  Several  experi- 
menters have  presented  the  results  of  work  with  adult  subjects.  Their 
findings  are  presented  together  with  those  of  children  in  Table  1.  At- 
tention should  be  directed  to  the  column  headed  "Extension  Total." 
since  the  classification  used  by  the  various  authors  have  dealt  differ- 
ently with  flexor  patterns.  (In  the  case  of  Davidson's  (32)  study,  for 
example,  responses  classified  other  than  as  involving  extension  of  the 
great  toe  or  as  flexion  of  all  toes  were  placed  in  the  'Variable"  column 
for  convenience  in  computing  them  with  the  results  of  other  studies). 
Extension  seems  not  to  occur  in  adults  more  frequently  than  in  20  per 
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cent  of  the  cases.  The  recent  study  of  Davidson  is  perhaps  the  most 
extensive  and  critical  of  those  seen  by  the  authors.  The  details  of 
his  investigation  are  reported  later  (p.  66-73).  Regarding  the  responses 
obtained  under  "Standard"  conditions  he  concludes  that: 

"1.  In  aduhs  there  is  no  one  type  of  response  that  can  he  considered  the 
normal  plantar  reflex.  In  most  cases  all  the  toes  flex,  hut  extension  of 
the  toes,  even  of  the  big  toe,  is  compatible  with  a  normal  motor  system. 

"2.  Isolated  extension  of  the  bio;  toe  with  fanning  of  the  other  toes  does 
not  occur  in  normal  adults."    (32,  p.  1036) 

Responses  of  Senility. — As  far  as  we  know,  only  Bersot  (11)  has 
studied  the  plantar  responses  of  persons  in  old  age.  As  will  be  seen 
on  pages  69-70.  he  noted  the  frequency  of  responses  of  various  muscle 
groups  to  twenty  stimulations,  using  individuals  from  birth  to  one 
hundred  years.  His  results  were  reported  in  terms  of  this  frequency, 
together  with  an  index  of  its  variability  (Table  2).  A  tendency  is 
indicated  for  old  people  (above  sixty  years)  to  respond  more  readily 
to  stimulation  as  a  whole,  but  to  be  more  variable  in  this  respect  than 
are  adults  in  the  prime  years.  They  tend,  as  do  infants,  to  give  ex- 
tensor responses  (extension  of  all  toes  or  extension  of  the  great  toe) 
more  frequently  than  do  adults  from  ten  to  sixty  years  of  age. 

Summary 

The  myelinization  of  cortico-spinal  tracts  starts  at  about  the  fourth 
postnatal  month  and  continues  up  to  eighteen  months  or  thereabouts. 
The  relationship  between  myelinization  and  function  does  not  hold 
strictly,  as  the  work  of  Langworthy  (61,  62)  on  oppossums  and  kit- 
tens, Tilney  and  Casamajor  (102)  on  kittens,  and  Angulo  y  Gonzalez 
(1)   on  rats  has  shown. 

Studies  of  the  development  and  maintenance  of  plantar  response  in 
humans  show  generally  that  the  earliest  responses  noted  are  at  about 
two  months  of  the  gestation  period.  Here,  if  called  out,  they  are  in- 
consistent but  perhaps  predominantly  extensor  in  character.  By  the 
time  the  infant  is  born,  however,  the  response  is  of  a  clear  flexor 
character.  This  response  seems  to  change  to  one  of  extension  of  a 
variable  character,  the  "infantile  extension"  pattern.  Some  time  dur- 
ing the  first  three  years  this  pattern  gives  way  to  the  gradual  develop- 
ment of  a  flexion  type  of  response,  which,  perhaps  concomitant  with 
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a  general  "integrative"  process  in  the  organism,  is  of  a  fairly  clear-cut 
character  in  the  adult  years.  The  flexor  (or  better  "nonextensor'" ) 
pattern  predominates  until  senility  sets  in.  at  which  time  the  flexion 
gives  way  once  more  to  variability  and  inconsistency  and  perhaps  to  a 
greater  amount  of  extension. 

FACTORS  RELATED  TO  PLANTAR  PATTERNS 

Relationship  of  Sex,  Race.  Laterality,  and  Responses  of  Twins 

Relation  of  Plantar  Responses  to  Sex 

No  single  writer  has  attempted  to  relate  plantar  phenomena  to  as 
many  factors  as  has  Feldman  (40).  He  reports  the  percentage  of  ex- 
tension, flexion,  and  variable  responses  as  indicated  in  Table  3.  He 
concludes  that  flexor  responses  occur  about  as  frequently  in  females 
as  they  do  in  males  in  all  age  groups,  but  that  extensor  patterns  are 
more  common  in  females  at  all  levels,  occurring  in  about  6  per  cent 
of  cases  more  frequently. 

An  analysis  of  the  reported  percentages,  however,  indicates  tliat 
there  are  no  statistically  significant  diff^erences  between  the  sexes  in 
either  extension  or  flexion  at  any  level.  However,  the  females  give 
consistently  higher  frequencies  of  each  response  than  do  tiie  males, 
while  the  latter  tend  to  give  a  higher  frequency  of  "variable"  response 
at  every  age  level.  Indeed,  the  diff^erences  between  the  groups  in  the 
variable  column  appear  to  be  the  most  reliable  and  to  be  definitely 
significant  in  the  group  of  infants  during  the  first  three  months.  It 
may  be  concluded,  therefore,  that  females  at  all  ages  during  the  first 
four  years  of  life  tend  to  give  a  larger  number  of  more  clearly  defined 
extensor  and  flexor  patterns  than  do  the  males.  But,  from  the  view- 
point of  prediction,  this  tendency  does  not  imply  a  well-established 
sex  diff^erence. 

Relation  of  Plantar  Responses  to  Race 

There  appear  to  be  few  studies  in  tlie  literature  relating  to  racial 
diff'erences  in  plantar  responses.  Bryan  (22 1  has  studied  this  factor 
recently  and  reports  as  follows: 
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"There  were  100  infants  studied  in  all,  including  68  whites,  9  Mexicans, 
and  23  negroes.  ...  It  should  l)e  remembered  that  this  study  covered  only 
the  first  ten  days  of  life,  so  that  differences  found  here  would  not  have  the 
same  interpretation  as  differences  found  in  a  wider  span  of  time.  In  no 
case  was  the  Babinski  found  on  the  first  day.  The  loilowing  discussion  is 
a  consideration  of  the  experiment  done  with  the  child  awake.  In  the  group 
of  white  infants  17  gave  the  reaction  definitely  the  second  day,  13,  the 
third  day,  and  so  on  .  .  .  [as  indicated  by  curves]  all  but  6  showing  the 
reaction  by  the  tenth  day :  3,  however,  showing  great  variability,  the  reflex 
being  present  one  day  and  absent  the  next.  In  the  grouj)  of  9  Mexican 
children,  1  gave  the  reaction  tlie  fourth  day.  2  the  eighth  and  1  the  ninth, 
the  other  5  not  showing  the  reaction  at  any  time  during  the  ten-day  period. 
In  the  group  of  23  negro  children  1  showed  the  reaction  the  eighth  day 
and  1  the  ninth,  and  the  other  21  not  at  all  in  the  ten-day  period.  This 
shows  a  definite  racial  difference  in  the  early  days  of  life.  In  regard  to  the 
colored  infants  it  was  noticeable  that  the  reaction  to  other  stimuli  on  the 
foot  was  not  so  acute  as  with  the  white.  They  did  not  jerk  the  foot  away 
so  quickly  upon  tickling  or  tapping  the  foot  as  the  white  children  did. 

".  .  .  In  some,  and  this  was  especially  noticeable  in  the  negroes,  the 
stimulus  applied  in  the  earliest  days  elicited  no  response  whatsoever  but 
the  foot  lay  in  the  experimenter's  hand  absolutely  inert. 

"One  interesting  factor  was  seen  a  number  of  times  with  several  of  the 
white  infants.  Among  those  who  developed  the  Babinski  rather  early  in 
the  ten-day  period,  ...  it  was  seen  that  the  reaction  did  not  wait  for  the 
stroke  down  the  foot  but  occurred  immediately  upon  the  leg  being  taken 
into  the  hand  in  readiness  for  the  usual  stimulus.  .  .  . 

"Another  peculiarity  which  came  to  light  in  this  experiment  was  the  fact 
that  the  reaction  on  stroking  the  foot  is  not  always  the  same  for  a  given 
infant  when  the  stimulus  is  given  with  the  child  awake  as  it  is  when  the 
child  is  asleep.  For  example:  Ten  of  the  colored  children  when  asleep  gave 
a  very  definite  Babinski  reaction,  once,  before  the  tenth  day.  This  occurred 
only  once  with  each  child  and  between  the  sixth  and  tenth  days.  These 
infants,  at  no  time,  gave  this  reaction  when  awake.  The.  white  children  did 
not  show  the  same  ratio  of  difference  but  4  of  them  showed  the  same 
peculiarity,  the  Babinski  appearing  in  the  sleeping  child  before  it  did  in 
the  child  when  it  was  awake."'   (22,  p.  63-65) 

From  this  material  Bryan  is  "able  to  draw   some  rather  definite  con- 
clusions" concerning  the  Babinski  reflex : 

"1.     In    the   majority   of   white   children    tlir    Babinski    reflex    may   be 

expected  by  the  tenth  day  of  life. 
"2.     In  the  colored  children  the  appearance  of  this  7efiex  is  delayed 

longer  than  in  the  white,  not  appearing  in  general  imtil  some 

time  after  the  tenth  day."'    (22,  p.  64-65  I 
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Table  3 

Comparison  Between  Percentage  of  Response  of  Groups  at  Various 
Ages  Segregated  According  to  Sex* 


Group 

Number 

Response 

Extension 

Flexion 

Varia 

ble 

Per 

Cent 

Stand- 
ard 
Error 

Per 
Cent 

Stand- 
ard 
Error 

Per 
Cent 

Stand- 
ard 
Error 

First  Month 

Male 

28 

25.0 

8.2            57.0 

9.4 

18.0 

7.3 

Female 

15 

27.0 

67.0 

6.0 

Difference 

2.0 

10.0 

12.0 

Fi 

rst  Three  Months 

Male 

109 

19.2 

3.8            62.5 

4.6 

18.2 

3.7 

Female 

82 

24.4 

4.7            70.7 

5.1 

4.9 

2.4 

Difference 

5.2 

5.8              8.2 

6.9 

13.3 

4.4 

First  Six  Months 

' 

Male 

155 

15.5 

2.9            65.8 

3.8 

18.7 

3.2 

Female 

114 

23.1 

3.9            67.6 

4.4 

8.7 

2.7 

Difference 

7.6 

4.9              1.8 

5.8 

10.0 

4.2 

First  Year 

Male 

189 

15.4 

2.6            65.6 

3.4 

19.0 

2.9 

Female 

137 

20.0 

3.4            70.0 

3.9 

10.0 

2.6 

Difference 

4.6 

4.3              4.4 

5.2 

9.0 

3.9 

First  Two  Years 

Male 

215 

14.4 

2.4            67.0 

3.2 

18.6 

2.7 

Female 

165 

22.4 

3.2            67.3 

3.7 

11.3 

2.4 

Difference 

8.0 

4.0                .3 

4.9 

7.3 

3.6 

First  Four  Years 

Male 

234 

13.5 

2.3            67.5 

3.0 

19.0 

2.6 

Female 

180 

21.5 

3.1            67.8 

3.5 

11.1 

2.3 

Difference 

8.0 

3.9                .3 

4.6 

7.9 

3.5 

"Adapted  from  Feldman   (40) 
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There  are,  of  course,  other  conclusions  with  regard  to  the  reflex 
during  the  first  ten  days  of  postnatal  life,  but  they  are  as  poorly  sub- 
stantiated by  the  experimental  results  as  are  those  regarding  racial 
differences.  Certainly  the  experiment  indicates,  above  all,  the  necessity 
for  careful  investigation  of  race  differences  during  this  and  later 
periods.  If  the  sampling  of  cases  were  of  greater  amplitude  and  the 
methods  of  experimentation  included  finer  controls,  the  conclusions 
of  Bryan  would   indeed  be  of  interest. 


Relationship  Between  Plantar  Responses  and  Right  and  Left 
Extremities 

The  following  data  have  been  compiled  from  material  given  by 
Pratt,  Nelson,  and  Sun  (87)  regarding  a  group  of  infants  from  birth 
to  ten  days  under  all  conditions.  The  percentages  of  each  response 
per  100  stimulations  have  been  calculated  for  both  right  and  left,  and 
the  significances  of  differences  have  been  determined  between  the 
groups  for  each  response.  There  was  a  total  of  388  stimulations  of 
right  feet  and  377  stimulations  of  left  feet.  (The  following  tabu- 
lation was  adapted  from  Pratt.  Nelson,  and  Sun  (87,  p.  192-195).) 


Per 

Cent 

Difference 

Response 

Laterality 

Per 

Standard 

Right 

Left 

Cent 

Error 

Extension,  Toes 

55.0 

52.0 

3.0 

4.0 

Fanning  Toes 

19.0 

20.0 

1.0 

2.8 

Extension,  Great  Toe 

6.5 

7.0 

.5 

1.8 

Flexion,  Great  Toe 

4.0 

3.0 

1.0 

1.3 

Flexion,  Toes 

10.5 

12.5 

2.0 

2.3 

Crossed  Extension, 

Toes 

6.0 

1.3 

4.7 

1.3 

Extension,  Foot 

0.0 

2.0 

2.0 

.7 

Flexion,  Foot 

39.0 

36.0 

3.0 

3.5 

Extension,  Leg 

4.0 

3.0 

1.0 

1.3 

Flexion,  Leg 

10.0 

11.0 

1.0 

2.3 

Total 

90.0 

89.0 

1.0 

2.2 

It  will  be  seen  at  once  that  no  difference  is  significant  except  that 
between  right  and  left  for  crossed  extension  of  the  toes,  favoring  the 
right  foot  and  possibly  that  for  foot  extension,  favoring  the  left  foot. 
In  view  of  the  everywhere  reported  dominance  among  groups  of  nor- 
mal individuals  of  right  over  left  handedness,  it  is  tempting  perhaps 
to  hypothesize  that  stimulation  of  the  "dominant"  foot  tends  to  elicit 
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a  reaction  of  crossed  extension  of  the  contralateral  toes  more  easily 
than  does  stimulation  of  the  lesser  dominant.  The  possible  differences 
between  stimulations  of  the  right  and  left  soles  in  calling  out  foot 
extension  cannot  be  explained. 

Plantar  Responses  of  Twins 

Rudolf  (92)  studied  among  other  things  the  plantar  responses  of 
three  pairs  of  infant  twins,  only  one  of  which  was  of  like  sex.  His 
findings  are  reported  as  follows:  (This  tabulation  is  quoted  from 
Rudolf  (92,  p.  344).) 


No. 

[Pair] 

Sex 

Age 

Right 

Left 

1 

M 

2  days 

?E 

?E 

M 

2  days 

E 

E 

2 

M 

2  hours 

E 

E 

F 

1   hour  10  mill. 

E 

E 

3 

M 

V2  hour 

F 

F 

F 

Yi  hour 

F 

F 

Lantuejoul  and  Hartmann  (65)  report  among  case  studies  of  re- 
sponses at  birth  those  of  a  pair  of  twins,  spontaneous  deliveries.  (The 
following  is  the  authors'  translation.) 

"Observation  4.  Twin  pregnancy,  first  twin:  respiration  began  in  the  first 
minute;  in  tiie  second  minute  appeared  a  plantar  reflex  of  flexion;  reflex  of 
flexion  up  to  the  7th  minute;  then  extensions  and  flexions  alternatively  for 
one  minute:  at  the  end  of  the  8th  minute  only  extensions  could  be  obtained. 
Spontaneous  movements  only  appeared  at  the  9th  minute.  Short  chloroform 
anesthesia. 

"Observation  5.  Twin  brother  of  the  preceding  case.  Respiration  im- 
mediately: gave  during  three  minutes  a  reflex  of  flexion;  from  the  third 
to  the  seventh  minute,  flexion  on  weak  stimulation,  extension  on  strong 
stimulation;  at  the  end  of  the  seventh  minute  only  extensions  could  be 
observed.    Spontaneous  movements  from  the  second  minute."     (65,  p.  391) 

Physiological  Correlates  with  Plantar  Response 

Relation  Between  Plantar  Responses  and  Sleep 

The  data  presented  by  Pratt.  Nelson,  and  Sun  (87),  based  on  their 
study  of  seventy-one  infants  during  the  lying-in  period,  have  been 
adapted  in  the  following  tabulalion  in  tlie  form  of  percentages.  The 
data  represent  percentages  of  responses  to  195  stimulations  of  sleeping 
infants  and  270  stimulations  of  those  awake.  (The  following  tabula- 
tion was  adapted  from  Pratt.  Nelson,  and  Sim  (87.  p.  192-195).) 
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Difference 

Per  Cent 

Per 

Standard 

Response 

Asleep 

Awake 

Cent 

Error 

Extension,   Toes 

45.5 

67.0 

21.5 

.3.6 

Fanning   Toes 

13.5 

31.5 

18.0 

3.3 

Extension,  Great  Toe 

7.5 

5.5 

2.0 

1.8 

Flexion,  Great  Toe 

1.0 

0.0 

1.0 

.6 

Flexion,  Toes 

11.0 

13.7 

2.7 

2.6 

Crossed  Extension,  Toes 

3.0 

5.0 

2.0 

1.5 

Extension,   Foot 

1.0 

.3 

.7 

.6 

Flexion,   Foot 

43.0 

27.0 

16.0 

3.5 

Extension,   Leg 

3.5 

5.5 

2.0 

1.7 

Flexion,  Leg 

12.0 

8.0 

4.0 

2.3 

Total 

86.0 

96.0 

10.0 

2.0 

The  comparison  by  Waggoner  and  Ferguson  (106)  between  per- 
centages of  responses  of  infants  segregated  according  to  condition  of 
sleeping  or  Avaking  based  on  age  groups  of  from  one  to  three  days, 
seven  days,  and  ten  days,  are  adapted  (106.  p.  6-11)  in  the  following 
tabulation: 


Percentage 

of  Response 

Age 

Extension 

Range, 

Great  Toe, 

Days 

Condition 

Extension 
80  gr, 

Flexion 
ams 

Flexion 
Smaller  Toes 

Other 

Asleep 

45.6 

32.7 

18.1 

3.6 

1  to  3 

Awake 

61.7 

14.3 

18.6 

5.4 

Difference 

16.1 

18.4 

.7 

1.8 

Asleep 

10.0 

58.0 

27.0 

5.0 

7 

Awake 

38.0 

14.0 

43.0 

5.0 

Difference 

18.0 

44.0 

16.0 

0.0 

Asleep 

28.0 

53.9 

31.0 

5.1 

10 

Awake 

72.0 

0.0 

28.0 

0.0 

Difference 

44.0 

53.9 

3.0 

5.1 

250  grams 

Asleep 

34.1 

47.9 

10.6 

7.4 

1  to  3 

Awake 

39.6 

36.0 

17.0 

7.4 

Difference 

5.5 

11.9 

6.4 

0.0 

Asleep 

6.0 

84.0 

7.0 

3.0 

7 

Awake 

18.0 

68.0 

8.0 

6.0 

Difference 

12.0 

16.0 

1.0 

3.0 

Asleep 

6.0 

67.3 

17.3 

9.4 

10 

Awake 

28.0 

43.0 

17.0 

12.0 

Difference 

22.0 

24.3 

.3 

2.6 

The  authors  failed  to  report  the  number  of  cases  in  the  asleep 
groups  for  which  they  calculated  their  percentages.  The  percentages 
of  all  groups  are.  however,  presented  and  will  afford  a  rough  com- 
parison. 

The  results  of  Pratt,  Nelson,  and  Sun  show  significant  differences  in 
extension  of  toes   (favoring  the  group  awake),  in  flexion  of  the  foot 
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(favoring  those  asleep),  and  a  suggestive  difference  in  fanning  of  the 
toes  (favoring  those  awake)  perhaps  associated  with  the  difference 
first  mentioned.  The  evidence  presented  by  the  Waggoner  and  Fer- 
guson data,  while  not  amenable  to  statistical  analysis,  favors  the  group 
awake  for  extension,  particularly  with  stimulus-pressure  of  80  grams 
and  to  a  lesser  extent  with  pressure  of  250  grams,  while  the  group 
asleep  tends  consistently  to  show  a  higher  percentage  of  flexion  in  all 
age  groups.  The  two  investigations  thus  report  somewhat  similar 
findings.  It  seems  safe  to  conclude  that  infants  awake,  during  the  first 
ten  days  of  life,  give  a  significantly  higher  percentage  of  toe  extension 
than  those  asleep;  those  asleep  have  a  tendency  to  give  responses  in- 
volving flexion  rather  than  extension. 

As  a  part  of  his  study  on  the  physiology  of  sleep.  Kleitman  (59) 
investigated  the  reflexes  of  five  adults  who  had  been  kept  awake  for 
periods  varying  from  64  to  115  hours.  The  duration  of  sleep  follow- 
ing insomnia  was  found  to  be  not  much  greater  than  normal.  Two 
night  calls  were  made;  at  1  A.  M.  and  4  A.  M.  The  observer  noted 
deeper  sleep  at  4  A.  M.     The  author  reported: 

"Plantar  stimulation  invariably  elicited  a  positive  Babinski  in  every  one 
of  our  subjects  .  .  .  ,  and  in  [one]  .  .  .  deep  sleeper  .  .  .  during  an  ordi- 
nary night's  sleep.  Not  only  was  there  an  extension  but  also  a  spreading 
of  the  toes.  This  reflex  could  be  obtained  any  number  of  times,  provided 
a  suitable  interval  (15  to  20  seconds)  was  allowed  between  successive 
stimulations.  If  the  sole  was  scratched  at  shorter  intervals,  se\eral  ex- 
tensor responses  were  followed  by  an  extension-and-flexion,  later  by  flexion 
of  the  toes,  and  either  an  attempt  to  rub  the  sole  with  the  other  foot  or  a 
flexion  of  the  leg  upon  the  thigh.  On  several  occasions  a  crossed  as  well 
as  direct  Babinski  was  observed  .  .  .  these  tests  were  made  without  waking 
the  sleeper,  and  if  they  did  not  follow  each  other  too  closely,  without  dis- 
turbing him."    (59,  p.  78) 

Relation  Between  Plantar  Responses  and  Phases  of  Respiration 

Tournay  (103)  reports  an  observed  relationship  between  plantar 
responses  and  the  phase  of  apnoea  in  Cheyne-Stokes  respiration  as 
follows: 


4 


"I  had  to  examine  a  patient  a  little  over  forty.  sufTcring  from  nephritis 
with  considerable  arterial  hypertension,  and  in  whom  the  condition  had  just 
been  aggravated,  verging  toward  confirmed  uremia.  In  the  absence  of 
cardiac  symptoms,  so-called,  there  was  throughout  an  hepatic  reaction.  .  . 

"I  approached  the  patient,  who  was  lying  almost  inert  in  a  subcomatose 
condition,  and   1   made  a   restricted  number  of  tests. 


4The    fcilldwint;    quotalidii    has    been    triinslateil    fmrn    the    oticinal     French    manuscript    by    the    first 
author  of   this  study. 
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'"1  examined  successively  the  pulse,  the  condition  of  the  lower  limbs  in 
which  there  was  no  edema,  the  plantar  reflexes,  the  heart  and  the  respira- 
tion, then  again  the  i)lantar  reflexes. 

"I  knew  by  previous  examination  of  this  patient  the  soundness  of  her 
tendinous,  cutaneous,  and  plantar  reflexes,  which  had  always  been  normal. 

"This  time,  while  a  very  clear  flexion  of  the  toes  followed  the  first  stimu- 
lation of  the  right  foot  on  its  external  border,  a  slow  and  typical  extension 
of  the  great  toe  with  the  signe  de  Veventail  was  the  response  to  the  same 
test  on  the  left  [foot].  Besides,  the  same  response  to  a  retest  following 
immediately. 

"While  pursuing  the  clinical  examination  I  had  noticed  that  the  patient 
momentarily  came  out  of  her  inertia  and  that  in  reality  she  showed  a 
characteristic  Cheyne-Stokes  respiration,  with  definite  pauses  of  ten  or 
fifteen  seconds  more. 

"I  was  curious,  before  finishing,  to  see  again  this  left  plantar  reflex,  the 
clearness  of  which  had  not  appeared  suspicious  to  me,  but  the  significance 
of  which  troubled  me.  To  my  great  surprise,  instead  of  an  extension  I  now- 
obtained  a  more  unconstrained  flexion. 

"The  stimulations  had  undoubtedly  been  applied  according  to  the  regula- 
tions and  the  extension  as  well  as  the  flexion  had  been  quite  characteristic. 

"Remembering  then  the  facility  with  which,  in  the  course  of  examinations 
which  I  had  made  of  children  of  six  to  seven  years  in  the  first  sleep,  in 
whom  the  extension  evident  at  the  first  plantar  stimulation  was  followed 
the  next  time  without  the  subject  being  wakened  by  a  flexion  no  less  evi- 
dent, I  was  anxious  to  see  whether,  in  the  present  case,  these  changes  of 
reflex  had  not  some  connection  with  the  phases  of  periodic  respiration. 

"I  waited  then  until  a  phase  of  apnoea  had  been  well  established,  and  I 
stroked  the  sole  of  the  left  foot:  extension  and  fanning  [was  the  response]. 
In  the  middle  of  the  following  phase  of  polypnoea;  flexion. 

"As  a  counter  verification:  extension  in  the  pause,  flexion  in  the  middle 
of  the  resumption   [of  breathing]. 

"But  especially  this  observation  evidences  a  curious  parallelism  between 
the  phases  of  Cheyne-Stokes  respiration  and  this  alternating  behavior  of  the 
plantar  reflex  with  the  production  of  the  true  Babinski  sign  periodically." 
(103,  p.  356-357) 

Tournay  does  not  attempt  to  interpret  these  observations.  He  sug- 
gests that  they  may  be  of  significance  ( 1 1  in  the  light  of  the  normal 
and  pathological  physiology  and  more  generally  the  relationship  be- 
tween the  cortex  and  the  respiratory  center,  ( 2  I  in  connection  with  the 
problem  of  normal  sleep.  Should  the  findings  here  based  on  tlie  study 
of  one  subject  be  substantiated  by  study  of  more  cases  presenting  the 
Cheyne-Stokes  respiration,  the  evidence  for  a  functional  release  of 
lower  centers  would  be  obvious,  and  the  rigidity  in  interpretation  of 
the  "Babinski  sign"  of  organic  lesion  should  need  modification. 
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Relation  of  Plantar  Responses  to  Fatigue 

Bersot  (IL  p.  312)  reported  that  he  computed  the  frequency  of 
reactions  to  each  of  twenty  stimulations  for  all  groups  studied  (birth 
to  100  years).  He  found  that  where  general  reactivity  is  least  (from 
twenty  to  fifty  years  I  '"fatigue"  sets  in  generally  in  the  first  stimula- 
tions but  in  groups  where  general  reactivity  is  great  (in  infants  and 
old  people)  it  does  not  appear  usually  until  the  fifth  or  sixth  excitation. 

Relation  Between  Plantar  Responses  and  Type  of  Delivery 
at  Birth.  Anaesthetic  Used,  Etc. 

The  work  of  Minkowski  (71-79),  Bolaffio  and  Artom  (13),  Krabbe 
(60),  and  others  will  not  be  considered  here  because  of  the  fact  that 
their  subjects  lived  only  for  a  few  hours  and  could  not  be  considered 
as  samplings  of  normal  groups.  These  studies  have  been  described 
elsewhere  (p.  25-27)  with  reference  to  plantar  responses.  They  repre- 
sent material  obtained  largely  by  means  of  Caesarian  operations,  in- 
volving an  anaesthetic  in  most  cases. 

Lantuejoul  and  Hartmann  (65)  present  case  studies  of  thirty-one 
births  varying  in  weight  from  2,660  grams  to  4,280  grams"'  with  the 
exception  of  one  case  (a  fetus  of  approximately  six  and  one-half 
months,  referred  to  under  "Fetal  Responses,"  which  was  removed  by 
Caesarian  operation  and  died  after  thirty-six  hours).  Anaesthetics 
were  given  as  in  the  following  tabulation:  (The  tabulation  is  adapted 
from  the  case  material  of  Lantuejoul  and  Hartmann  (65,  p.  390-394).; 


Delivery 

Cases 

Chloro- 
form 

Morphine  and 
Chloro- 
Ether          form 

Spinal 

Not 
Men- 
tioned 

None 

Spontaneous 

Breeches 

Versions 

Forceps 

Caesarian 

7 
6 
2 
11 
4 

2 
4 
2 
10 
1 

2                1 

1 

2 

3 
2 

It  is  interesting  to  note  that  in  every  case  the  first  response  the 
authors  were  able  to  elicit  was  flexion,  predominately  of  the  great  toe. 
This  was  followed  in  a  few  minutes  (usually  about  seven)  by  flexion 
and  extension  and  then  by  an  almost  invariable  extension.  It  would 
seem,  therefore,  that  there  is  very  little  evidence  of  any  influence  of 
type  of  delivery  or  of  anaesthesia  upon  plantar  responses. 


SFor   four   spontaneous,   one  breeches,   and   two   forceps   cases   weight   was   not   pivon.      In    the   case   r.f 
one    Caesarian    for   whom    wcielit    was    not    {:iven,    full    term    was    mentioned. 
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Relation  of  Plantar  Responses  to  Prematurity  of  Birth 

\^  iihin  the  group  of  prematures  mentioned  are  included  only  chil- 
dren who  were  delivered  before  term  and  lived.  The  reactions  of 
fetuses  are  considered  in  the  genetic  part  of  our  review.  Engstler  (39) 
reported  the  frequency  of  responses  in  a  group  of  prematures,  pre- 
sumably tested  soon  after  delivery.  The  percentages  of  these  responses 
have  been  compared  with  those  obtained  from  Engstler's  group  of  232 
infants  during  the  first  week   (Table  4).     There  appear  to  be  no  sig- 

Table  4 

Comparison  Between  Percentage  of  Response  of  Infants  at  Various  Age 

Levels  Segregated  According  to  Birth* 


Ty])e 

£ 

3 

z 

• 

Response 

Extension 

Flexion 

Varia 
hide 

bleor 
inite 

Per 

Cent 

Stand 

ard 

Error 

Per 

Cent 

Stand 

ard 

Error 

Per 

Cent 

Stand 

ard 

Error 

First  Week 

Prematures 
(Before  term) 

32 

94.0          4.2 

6.0 

4.2 

0.0 

First  week 
(Normal) 

232 

92.0           1.8 

7.0 

1.7 

1.0 

.7 

Difference 

2.0           4.6 

1.0 

4.5 

1.0 

.7 

First  Month 

Prematures 

8 

75.0 

12.5 

12.5 

Normal 

44 

27.3          6.7 

59.0 

7.4 

13.7 

5.2 

Difference 

47.7 

46.5 

1.2 

First  Six  Mor 

iths 

Prematures 

29 

34.5           8.9 

55.3 

9.2 

40.2 

5.6 

Normal 

275 

18.5          2.4 

66.6 

2.8 

14.9 

2.2 

Difference 

16.0          9.2 

11.3 

9.6 

4.7 

6.0 

First  Year 

Prematures 

38 

34.2          7.7 

55.2 

8.1 

10.5 

.5.1 

Normal 

336 

17.3          2.0 

66.7 

2.6 

16.0 

2.0 

Difference 

16.9           7.9 

11.5 

8.5 

5.5 

5.5 

*Adapted  from  Engstler   (39)   and  Ffldnian   MO  I 
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nificant   diflferences   between  the   groups   with   respect   to   dorsiflexion, 
plantar  flexion,  or  to  "no  response." 

The  Feldman  (40)  data  afford  comparisons  between  premature  and 
normal  groups  at  all  age  levels  from  birth  through  the  first  year.  The 
authors  of  this  study  have  presented  Feldman's  material  in  percentages 
for  the  ages  of  the  first  week,  the  first  six  months,  and  the  first  year 
(Table  4) .  The  significance  of  differences  has  been  determined  sta- 
tistically. From  the  table  it  appears  that  there  is  no  difference  suffi- 
ciently reliable  to  be  significant.  On  the  other  hand,  the  differences 
at  each  level  for  dorsiflexion  favor  the  premature  group,  and  those 
for  flexion  and  variable  responses  favor  the  normal  group.  This  may 
suggest  a  tendency  for  prematures  to  give  patterns  involving  extensor 
rather  than  flexor  elements. 

Relation  of  Plantar  Responses  to  Weight  and  Length  as 
Indices  of  Physical  Development 

Feldman  (40)  reported  the  percentages  of  extension,  flexion,  and 
variable  responses  for  the  groups  studied,  segregated  on  the  basis  of 
their  being  underweight  and  underlength.^'  Analysis  of  material  on 
the  underweight  groups  in  comparison  with  normal  groups  is  pre- 
sented in  the  tabulation  given  below.  (The  following  was  adapted 
from  Feldman  (40,  p.  16).) 

Percentage  of  Response 


Group 

Number 
First 

Extension 
Three  Months 

Flexion 

Variah 

Underweight 

Normal 

Difference 

57 
129 

26.0 

18.5 

7.5 

60.0 
67.4 

7.4 

14.0 

14.1 

.1 

First  Six  Months 

Underweight 

Normal 

Difference 

81 
182 

22.0 

16.1 

5.9 

First  Year 

70.0 

69.2 

.8 

18.0 

14.7 

3.3 

Underweight 

Normal 

Difference 

106 
216 

18.8 

16.0 

2.8 

61.3 
70.0 

8.7 

19.8 

14.0 

5.8 

He  concludes  from  the  data  that  with  few  exceptions  the  Babinski 
is  more  frequent  among  the  poorly  developed.  When,  however,  the 
seventeen  prematures  in  the  first  three  months  group  are  segregated  and 
the  percentages  of  responses  given  by  the  remaining  forty  are  com- 


CThe   criteria    of   these   two   terms   are   given    in   the   Appendix. 
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pared  with  those  given  by  well-developed  children,  the  differences  be- 
come negligible.  The  following  tabulation  shows  these  data:  (This 
was  adapted  from  Feldman  (40).) 


Response 

Exte 

nsion 

Flex 

ion 

Variable 

Per 

Standard 

Per 

Standard 

Per 

Standard 

Group 

Number 

Cent 

Error 

Cent 

Error 

Cent 

Error 

Underweight 

40 

20.0 

6.0 

67.5 

7.4 

12.5 

5.1 

Normal 

129 

18.5 

3.5 

67.4 

4.1 

14.1 

3.1 

Difference 

1.5 

6.9 

.1 

8.5 

1.6 

5.9 

Feldman  rightly  concluded  from  these  findings  that  lack  of  weight 
is  not  a  cause  in  itself  of  greater  extension  during  this  period,  but, 
like  extension,  may  be  a  concomitant  result  of  the  causative  factor 
(possibly  prematurity).  Findings  for  the  same  groups  with  respect 
to  above  or  below  ''normal"  length  are  reported  in  the  following  tabu- 
lation:     (The  following  was  adapted  from  Feldman  (40,  p.  17).) 

Percentage  of  Response 


Group 

Number 
First 

Extension 
Three  Months 

Flexion 

Variab 

Short 

Normal  length 

Difference 

40 
123 

20.0 

19.5 

.5 

67.5 

67.4 

.1 

12.5 

13.0 

.5 

First  Six  Months 

Short 

Normal  length 
Difference 

52 
185 

19.0 

16.0 

3.0 

First  Year 

65.0 

69.0 

4.0 

15.5 

15.0 

.5 

Short 

Normal  length 

Difference 

62 

229 

17.7 
17.0 

.7 

64.5 

69.0 

4.5 

17.7 

14.0 

3.7 

These  findings  are  subject  to  the  same  interpretation,  namely,  that 
deficient  body  length  does  not  lead  to  greater  extension  in  these  groups, 
but  is  perhaps  symptomatic  of  the  same  features  of  which  the  "Babin- 
ski"  may  be  diagnostic. 

Relation  of  Plantar  Responses  to  Cephalic  Index 

Feldman  (40  i  divided  his  infants  and  children  during  the  first  two 
years  into  groups  of  dolico-,  meso-.  and  brachycephaly  (indices  of  less 
than  79,  79  to  81.  and  more  than  81  respectively).  He  compared  the 
percentages  of  each  response  obtained.  These  percentages  are  pre- 
sented in  Table  5,  together  with  the  differences  and  their  statistical 
significance. 

Feldman  concludes  that  the  incidences  of  the  Babinski  phenomenon 
is  slightly  less  among  the  brachycephalic  group  than  among  the  meso- 
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Table  5 

Comparison   Between   Percentage  of  Response  of  Infants  in  the  First  Two  Year.s 

Segregated  According  to  Head  Girth* 


Head  Girth, 
Centimeters 

CO 

S 

Z 

Response 

Extension 

Flexion 

Variable 

Per 
Cent 

Stand- 
ard 
Error 

Per 

Cent 

Stand- 
ard 
Error 

Per 

Cent 

Stand- 
ard 
Error 

Less  than  79           105           14.3          3.4           75.2          4.2           10.5          3.1 
79  to  81                    62           16.1           4.7          67.7          5.9           16.1           4.7 
Difference                                   1.8           5.8             7.5           7.2             5.6           5.6 

Less  than  79           105           14.3           3.4           75.2          4.2           10.5          3.1 
More  than  81           88           11.3           3.3           62.5          5.1          26.2          4.7 
Difference                                   3.0           4.7           12.7           6.6           15.7           5.6 

79  to  81                    62           16.1           4.7           67.7           5.9           16.1           4.7 
More  than  81           88            11.3           3.3           62.5           5.1           26.2           4.7 
Difference                                 4.8          5.8            5.2           7.8           10.1           6.7 

'"Adapted  from  Feldman   (40) 

or  dolicocephalic  group.  This  fact  suggests  that  central  inhibition 
may  be  greater  in  that  group  of  individuals.  Such  a  conclusion  seems 
hardly  warranted  on  the  basis  of  the  significance  of  differences  between 
the  percentages.  The  most  significant  differences,  which  themselves 
are  not  statistically  true,  are  those  giving  the  brachycephalic  group  a 
higher  percentage  of  variable  response  than  the  dolicocephalic  group 
and,  although  to  a  lesser  extent,  fewer  flexions.  The  safest  conclusion 
in  regard  to  these  data  would  seem  to  be  that  almost  no  relationship 
has  been  demonstrated  between  plantar  responses  and  shape  of  head. 


Relatiuii  uj  PlanUtr  Responses  to  Type  oj  Infant  Feeding 

Feldman  (40)  reported  data  regarding  plantar  responses  secured 
from  infants  during  the  first  months  who  were  breast  fed,  partly  breast 
fed,  and  bottle  fed.  The  small  number  of  cases  in  each  group  pre- 
cludes an  analysis  of  the  data  in  terms  of  reliability  of  differences  be- 
tween groups.  The  percentages  of  responses  for  the  first  month  and 
for  the  first  half  year  are  as  follows:  (Tlie  following  tabulation  was 
adapted  from   Feichnan    (10.  p.  22-2.'i).j 
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Percentage  of  Response 
Method  of  Feeding        liifam>         Extension         Flexion  Variable 

During  First  Month 
Bottle  9  44.4  44.4  11.2 

Breast  12  58.0  25.0  17.0 

During  First  Half  Year 

Bottle  24  46.0  33.0  21.0 

Partly  Breast  14  50.0  29.0  21.0 

Breast  52  42.0  37.0  21.0 

Feldman  argued  that  human  milk,  containing  more  lecithin  and  lac- 
tose than  cow's  milk,  may  supply  a  greater  demand  for  these  materials 
on  the  part  of  myelinization.  This  preexperimcntal  hypothesis  is  in- 
teresting in  the  light  of  Donaldson's  earlier  work  on  rats  (37).  Don- 
aldson showed  that  apparently  there  is  no  relationship  between  the 
nutrition  of  the  rat  and  the  time  of  medullation  of  the  nervous  system. 
Feldman  observes  that  there  are  practically  no  differences  between 
breast  and  bottle  fed  infants  except  possibly  during  the  first  month, 
when  there  are  but  nine  cases  of  bottle  fed  and  twelve  cases  of  breast 
fed  infants.    No  conclusions  seem  warranted  by  these  data. 

Relation  of  Plantar  Responses  to  Body  Temperature 

Feldman  (40)  segregated  his  infants  in  early  ages  on  the  basis  of 
differences  in  body  temperature,  choosing  below  97  degrees  Fahrenheit 
as  subnormal,  97  degrees  to  99  degrees  as  the  normal  range,  and  above 
99  degrees  as  indicating  pyrexia  or  above  normal.  The  percentages  of 
frequencies  of  extension,  flexion,  and  variable  responses  during  the 
first  three  months,  the  first  year,  and  the  first  two  years  have  been 
presented  in  Table  6.  together  with  the  differences  between  groups  at 
each  level  and  the  sigmas  of  these  differences. 

It  will  be  evident  that  no  single  difference  is  of  actual  validity.  The 
following  relationship  between  responses  for  the  various  temperature 
groups  holds  for  the  first  three  groups:  Extension  is  least  in  the  above 
normal  group,  greatest  in  the  subnormal.  Flexion  and  variable  re- 
sponses are  least  in  the  subnormal,  greatest  in  the  hyperpyrexia  group. 
For  the  oldest  group  (the  first  two  years)  children  in  the  normal  range 
still  surpass  in  extension  the  99+  degree  children  in  flexion.  This  is 
an  extremely  interesting  finding  particularly  in  terms  of  Feldman  s 
interpretation,  mentioned  in  another  section  of  this  paper  (p.  119j. 
Briefly,  the  tendency  for  the  Babinski  to  increase  as  the  temperature 
decreases  suggests  to  Feldman  that  the  extensor  response  found  in  in- 
fants mav  be  indicative  of  congestion  of  blood  in  the  reeion  of  the 
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Table  6 

Comparison  Between   Percentage   of  Response  of  Various  Age  Groups 

Segregated   According  to  Body  Temperature* 


Temperature, 

Degrees 

Fahrenheit 

1 

Response 

Extension 

Flex 

ion 

Variable 

Per 

Cent 

Stand- 
ard 
Error 

Per 
Cent 

Stand 

ard 

Error 

Per 

Cent 

Stand- 
ard 
Error 

One  to  Three  1V1 

onths 

Less  than  97 
97  to  99 
Difference 

44 
67 

27.0           6.7 

18.5           4.8 

8.5          8.2 

66.0 

67.0 

1.0 

7.1 

5.7 
9.1 

7.0 
14.4 

7.4 

3.8 
4.2 
5.6 

Less  than  97 
More  than  99 
Difference 

44 
18 

27.0          6.7 

11.0 

16.0 

66.0 

72.0 

6.0 

7.1 

7.0 
17.0 
10.0 

3.8 

97  to  99 
More  than  99 
Difference 

67 
18 

18.5          4.8 
11.0 

7.5 

67.0 

72.0 

5.0 

5.7 

14.4 

17.0 

2.6 

4.2 

One  to  Six  Months 

Less  than  97 
97  to  99 
Difference 

60 
137 

23.3          5.5 

16.8          3.2 

6.5           6.4 

65.0 

67.8 

2.8 

6.2 
4.0 

7.4 

11.7 

15.5 

3.8 

4.2 
3.1 
5.2 

Less  than  97 
More  than  99 
Difference 

60 
36 

23.3          5.5 

8.3           4.5 

15.0           7.1 

65.0 

72.2 
7.2 

6.2 

7.5 
9.7 

11.7 

19.5 

7.8 

4.2 
6.7 
7.9 

97  to  99 
More  than  99 
Difference 

137 
36 

16.8          3.2 
8.3           4.5 
8.5          5.5 

67.8 

72.2 
4.4 

4.0 
7.5 
8.5 

15.5 

19.5 

4.0 

3.1 
6.7 

7.4 

First  Year 

Less  than  97 
97  to  99 
Difference 

71 
164 

22.5  5.0 

14.6  2.8 

7.9          5.7 

64.8 

68.3 

3.5 

5.7 
3.6 
6.7 

12.7 

17.1 

4.4 

4.0 
2.9 
4.9 

Less  than  97 
More  than  99 
Difference 

71 
49 

22.5          5.0 

10.2  4.3 

12.3  6.6 

64.8 

71.4 

6.6 

5.7 
6.5 
8.7 

12.7 

18.4 

5.7 

4.0 
5.5 
6.8 

97  to  99 
More  than  99 
Difference 

164 

49 

14.6          2.8 

10.2          4.3 

4.4          5.1 

68.3 

71.4 

3.1 

3.6 
6.5 

7.4 

17.1 

18.4 

1.3 

2.9 
5.5 
6.2 

First  Two  Years 

Less  than  97 
97  to  99 
Difference 

72 
197 

22.2  4.9 

14.3  2.5 
7.9          5.5 

65.3 

68.5 

3.2 

5.6 
3.3 
6.5 

12.5 

16.7 

4.2 

4.0 
2.7 
4.8 

Less  than  97 
More  than  99 
Difference 

72 
65 

22.2           4.9 

15.5           4.5 

6.7           6.7 

65.3 

69.0 

3.7 

5.6 
5.7 
8.0 

12.5 

15.5 

3.0 

4.0 
4.5 
6.0 

97  to  99 
More  than  99 
Difference 

197 
65 

14.3          2.5 

15.5           4.5 

1.2          5.2 

68.5 

69.0 

.5 

3.3 
5.7 
6.6 

16.7 

15.5 

1.2 

2.7 
4.5 
5.3 

*  Adapted  from   Feldman    (40) 
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cord,  thus  a  functional  release  from  higher  control.  It  would  seem 
to  us,  however,  that,  for  such  a  clear-cut  explanation  of  the  phenome- 
non itself,  the  differences  between  temperature  groups  should  be  more 
clearly  demonstrated.  Possibly  the  lower  temperature  group  should 
give  not  only  more  extension  but  more  variable  responses  as  well.  In 
other  words,  it  should  give  less  flexion,  since  this  response  should,  in 
the  light  of  Feldman's  theory,  indicate  function  of  a  more  integrative 
type. 

Muscular  Response  of  the  Great  Toe  in  the  "Babinski  Reflex" 

A  description  of  the  mechanical  and  electrical  responses  of  the  ex- 
tensor hallucis  in  response  to  plantar  stimulation,  supposedly  in  cases 
of  adults  presenting  the  Babinski,  has  been  given  by  Salomonson  (95). 
Unfortunately  the  location  of  the  lesion  is  not  mentioned,  so  that  in- 
terpretation of  factors  of  tonus  cannot  reasonably  be  sought.  His 
results  are  as  follows: 

"A  mechanical  record  of  the  contraction  of  the  extensor  hallucis  longus 
durinfi  a  Babinski  reflex  shows  that  contraction  is  always  a  lonp  one,  some- 
what resembling  the  slow  contraction  in  reaction  of  degeneration,  but  mostly 
of  still  longer  duration.  If  an  electro-myogram  be  taken  at  the  time  we  can 
see  better  what  happens.  In  this  record  [Figure  3]  on  a  plate  moving  50  mil- 
limeters a  second  the  electro-myogram  shows  an  irregular  alternating  current 
lasting  0.66  second.  About  0.14  second  after  the  commencement  of  the 
action  current  the  mechanical  response  begins,  very  gradually  at  first  and 
only  after  0.36  second  very  rapidly.  The  whole  mechanical  response  takes 
not  less  than  2.7  seconds.  In  another  record  we  see  nearly  the  same  thing. 
The  time  between  the  commencement  of  the  electrical  and  the  mechanical 
response  is  again  about  0.12  second.  The  duration  of  the  action  current,  or 
— what  is  the  same  thing — of  the  purely  tetanic  part  of  the  contraction, 
happens  again  to  be  0.70  second,  whereas  the  whole  contraction  takes  over 
3  seconds.  In  yet  another  electro-myogram  the  tetanus  took  oidy  0.11  second, 
though  the  total  contraction  lasted  rather  more  than  2  seconds.  These 
records  prove  that  in  the  Babinski  extension  reflex,  too,  the  tetanus  is  the 
beginning  of  the  reflex  which  is  immediately  followed  by  a  tonus-contrac- 
tion.  But  they  also  show  that  the  tetanus,  which  is  the  real  primary  reflex, 
is  not  sufficient  in  itself  to  cause  more  than  a  hardly  perceptible  move- 
ment of  the  hallux:  it  is  the  tonus  variation  that  causes  the  extensive  move- 
ment. I  need  scarcely  add  here,  that  I  never  succeeded  in  getting  the  tonus- 
contraction  without  the  tetanus.  Clinical  examination  of  the  patients  from 
whom  these  records  were  taken  proved  that  the  tonus  of  the  muscle  of  the 
hallux  during  rest  was  not  greatly  changed;  a  passive  flexion  or  extension 
met  with  almost  the  same  rather  small  resistance.  Apparently  it  was  not 
the  tonus  itself  which  was  exaggerated,  but  the  irritability  of  the  tonus- 
reflex  mechanism.   With  normal  muscles  we  never  find  anything  of  this  kind. 
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Bab\mski    Reflex 
Myogram     and    Eu.e.ctro myogram 
50  mm   PER    SECOAiO 


Myogram      A^4D    E.l.ectromyogram 
50  mm  PER  SECOND 


^/vfU... 
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Babjnski    Reflex 
Electromyogram 

lO   mm    PER    SECOND 


A   -    Myoor-am    - 

C>    -      E.LECTROMVOGRAM 


Kifiiiif  ?>.     Mi'cluinical    and    Electrical    Responses   of    llic    Great    Ttic    l)iirin<r   a 
Bahinski   Reflex   (From  Salomonson   (95)) 
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As  soon  as  the  aclioii  ciirifiit  disappears  the  contraction  ceases.  Only  in 
muscles  very  nearly  exhausted  ...  do  we  get  after-contractions  of  tonic 
origin.  Consequently  there  can  hardly  be  any  doubt  about  the  interpreta- 
tion of  these  curves."    (95,  p.  385-387) 

C/ironaxie  and  Plantar  Responses 

Bourguignon  and  his  associates  (15,  16.  17  I  have  attempted  to  ex- 
plain plantar  phenomena  in  terms  of  chronaxie.  They  found  the  nor- 
mal range  of  the  extensor  muscle  to  be  from  0.20  to  0.36  sigma.  while 
that  for  the  flexor  may  be  from  0.44  to  0.77  sigma.  In  their  opinion 
an  extensor  response  results  from  plantar  stimulation  when  the  chro- 
naxie of  the  posterior  tibial  nerve  is  equal  to  that  of  the  extensor 
muscle;  a  flexor  response  occurs  when  the  chronaxie  of  this  nerve 
equals  the  flexor  chronaxie.  When  the  chronaxie  of  the  sensory  pos- 
terior tibial  nerve  is  unequal  to  either  flexor  or  extensor,  the  result 
is  no  response. 

As  Davidson  (32)  suggests  relative  to  Bourguignon's  work  on  chro- 
naxie, descriptions  of  plantar  responses  in  terms  of  such  factors  do  not 
answer  the  question  as  to  their  essential  nature;  they  simply  lend  a 
new  aspect  to  the  problem.  The  same  criticism  may  well  apply  to 
Salomonson's  measurements  of  muscular  responses. 

The  suggestion  that  the  extensor  response  is  in  some  way  associated 
with  muscular  tone,  as  brought  out  in  the  foregoing  work  of  Salomon- 
son,  is  somewhat  substantiated  by  two  further  lines  of  evidence:  that 
from  pharmacological  studies  and  that  from  clinical  neurology.  We 
shall  not  attempt  to  present  a  critical  estimate  of  the  evidence  along 
these  lines  of  study,  but  it  seems  appropriate  briefly  to  mention  the 
findings. 
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Effects  of  Drugs  on  Plantar  Phenomena 

With  regard  to  the  influence  of  drugs.  Elliott  and  \^'alslK'  I  38  I  have 
reported  a  case  of  parkinsonism,  a  patient  suffering  from  paralysis 
agitans.  in  whom  they  injected  0.0006  grams  of  scopolamine  which 
reduces  tone.  The  effect  was  to  change  a  flexor  response  to  one  ot 
extension — the  Babinski  response.  Zador  (117)  reported  the  same 
result  by  using  scopolamine.  He  found  that  physostigmine.  which  in- 
creases tone,  diminished  the  extensor  response.  If,  as  Friedman  (44) 
believes,  the  normal  response  to  plantar  stimulation  is  the  result  ot 
reciprocal  innervation,  these  results  of  experiments  in  the  use  of  drugs 
are  of  importance  with  respect  to  the  question  of  extensor  tonus  as 
a  factor  in  the  response. 
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Effect  of  Injuries  to  Central  Nervous  System  Upon  Plantar  Responses 

A  wealth  of  material  regarding  the  characteristics  of  reflexes  in  the 
human  as  the  result  of  injuries  to  the  central  nervous  system  is  to  be 
found  in  the  vast  literature  of  clinical  neurology.  The  reader  should 
consult  any  standard  text  in  this  field  for  the  details  of  the  work.  Only 
the  concensus  of  opinion  as  to  the  interpretation  of  the  results  will  be 
mentioned  here.  That  neurologists  are  not  agreed  as  to  methods  of 
stimulation,  characteristics  of  response,  and  so  forth  will  be  noted  in 
the  following  tabulation,  which  includes  definitions  from  a  few  of  the 
better  known  texts  in  the  field  of  clinical  neurology: 


Author 
Brain  (18) 


Method  of 
Stimulation 

Scratch  sole  of  foot 
always  in  outer 
border,  limb 
passively  flexed 
before  stimula- 
tion 


Church  and 
Peterson   (27) 

Dana  (31) 


Grinker  (47) 


Jelliffe  and 
White   (51) 


McKendree  (69) 

Monrad-Krohn  (80) 
Oppenheim   (83) 


Purves-Stewart 
(88) 


Tickle   or  scratch 
soles  of  feet 

Scratch  sole  with 
pin  or  applicator 


Fairly  sharp  instru- 
ment, stroke  in- 
ternal or  exter- 
nal border  of 
foot;   feet  warm, 
thifih  rotated, 
knee  bent 


Flex  knee,  then 
stimulate 


Handle  of  reflex 
hammer 


Hip  and  knee 
flexed,  then 
stimulate 


Normal 
Response 

Plantar  flexion  of 
toes  usually  with 
dorsiflexion    of 
foot  at  ankle, 
contraction  of 
fasciae  femoris 
and  other 
muscles 

Flexion  of  all  toes 

No  response  or 
flexion  of  toes 

Flexion  of  great 
and  other  toes 


Flexion  of  great 
and  other  toes 


Flexion  of  all  toes 


Flexion  of  all  toes 

Momentary  move- 
ment at  legs 


Flexion  of  all  toes 


Pathological 
Response 

Upward  extensor 
movement   of 
great  toe 


Dorsal  extension 
of  great  toe 

Extension  of  great 
toe  with  fanning 
of  others 
(picture) 

Comparatively 
slow   dorsal  ex- 
tension of  great 
toe,  fanning  of 
others,  rotation 
of  hip  on  thigh, 
contraction   of 
the  fascia  lata 
on  thigh 
(pictures) 


Extension  of  great 
toe  with  or  with- 
out  "Signe 
d'eventail" 
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Method  of 

Normal 

Pathological 

Author 

Stimulation 

Response 

Response 

Sachs  and 

Stroke  heel  to  toe 

Flexion  of  all  toes 

Extension  of  great 

Hausnian    (94) 

alonfi  outer 

toe  with  fanning 

border  with 

others 

sharp  object 

Wechsler  (111) 

Stroke  outer 

Flexion  of  all  toes 

Fanning  plantar 

border  of  sole 

flexion   lesser 

of    foot    upward 

toes,  extension 

and  inward 

great  toe;   some- 
times this  with 
flexion  of  ankle, 
knee  and  hip, 
and  contraction 
fascia   femoris 

Wilson  (114) 

Flexion 

Overextension  of 
great  toe,  per- 
haps all  toes 

Several  studies  in  the  literature  of  clinical  neurology  have  presented 
data  regarding  plantar  responses  in  pathological  adult  cases  in  terms 
of  the  percentage  of  typical  responses  (extension,  Babinski  phenomena, 
flexion,  and  the  like)  found  in  groups  of  individuals  suffering  from 
various  nervous  diseases,  particularly  those  of  the  central  nervous 
system,  such  as  epidemic  encephalitis,  multiple  sclerosis,  paresis.  Lit- 
tle's disease,  and  various  tumors  of  the  brain  and  spinal  cord.  For 
the  purpose  of  the  present  study  it  is,  of  course,  of  far  greater  im- 
portance to  know  (1)  the  correspondence  between  the  characteristics 
of  the  plantar  phenomena  secured  and  the  characteristics  of  muscle 
tone  and  (2)  the  degree  of  neural  damage.  Accordingly,  the  material 
has  been  arranged  in  tabular  form  in  the  hope  that  it  may  afford  a 
brief,  clear  summary.  % 


Damage  to  Central 
Nervous  System 

Complete  section  of 
spinal  cord 


Slow,  complete  section 
of  spinal  cord,  as  in 
occasional  cases  of 
tumors 

Partial  section  of 
spinal  cord 


Muscular 
Characteristics 

Flaccid  paralysis, 
complete  absence  of 
extensor  tone 

Paraplegia-in-flexion, 
a  fixed  flexion  as 
result  of  fixation  of 
defense  reflexes 

Spasticity;  paraplegia- 
in-extension:  hyper- 
tonicity  of  extensors 
believed  to  be  due 
to  still  functioning 
vestibulo-spinal  and 
reticulo-spinal 
systems,  brain  or 
brain  stem  centers 


Plantar 
Response 

Extension    of    great    toe 
and    all    others,   as    a 
part  of  a  defense 
withdrawal  of  leg 

Extension  of  great  toe, 
fanning  of  others,  as 
part  of  defense  flexion 
of   extremity 

Extension  of  great  toe, 
fanning  of  other  toes 
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Damage  to   Central 
Nervous  System 

Hemiplegia: 
"hemidecerebrate 

man" 


Diplegia : 
"decerebrate    man" 

Sinistral  cortical  lesion 
(precentral) 


Muscular 
Characteristics 

Unilateral  increase  in 
tone  producing 
spasticity,   extensor 
in  leg,  flexor  in  arm, 
or  rigidity  due  to 
lesion  in  midbrain 
releasing  rubro- 
spinal system 

As  above,  bilateral 

Release  of  balance  be- 
tween flexion  and 
extension  mediated 
through  pyramidal 
pathways 


Plantar 
Respons 

Extension  of  great  toe 
and  fanning  of  other 
toes,  sometimes  as- 
sociated with  reflex 
defense  withdrawal 
of  entire  extremity 
on  hemiplegic  side 


As  above,  bilateral 

Extension   of   great   toe, 
fanning  of  all  others 


Relationship  of  Plantar  Responses  to  Other  Characteristics 

OF  Behavior 


Corrclalion  Between  Plantar  Responses  and  Other  Reflexes  and 
Responses 

Furfey.  Bonham.  and  Sargent  (46.  p.  48-511  studied  various  re- 
sponses of  sixty-two  subjects  ranging  in  age  from  fifteen  minutes  to 
343  hours,  with  a  mean  age  of  91.7  hours.  The  final  scale  consisted 
of  seventeen  items.  "The  authors  were  interested  in  the  quantitative 
measurement  of  those  reflexes  rather  than  in  their  qualitative  descrip- 
tions. It  was  not  the  purpose  of  the  present  investigation,  for  example, 
to  consider  whether  the  infant's  plantar  reflex  consisted  in  flexion  or 
extension.  The  point  was  rather  whether  the  reflex  was  slow  and  slight 
or  quick  and  ample." 

A  graphic  rating  scale  was  used  on  which  two  judges  could  express 
their  judgments  independently.  These  judgments  were  correlated,  and 
the  reliahilities  of  the  combined  judgments  were  estimated  by  the 
Spearman-Brown  formula.  After  combining  the  scores  for  right  and 
left  into  single  scores  (because  of  scarcity  of  cases),  the  reflexes  and 
responses  were  intercorrelated.  The  coefficients  of  reliability  of  judg- 
ments and  of  intercorrelations  are  given  below:  Probable  errors  are 
not  reported.  (The  following  tabulation  is  adapted  from  Furfey, 
Bonham.  and  Sargent  (46.  p.  48-49).) 
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Response 

Relia- 
bilities of 
Judgments 

Intercorrela- 
tions  of  Plantar 
With  Others 

Plantar,  left 
Plantar,   right 

.761 
.581 

Withdrawal  of  leg. 
Withdrawal  of  leg,  : 

left 
right 

.652 
.733 

+.448 

Grasping,  left  foot 
Grasping,  right  foot 

.002 
.906 

+.072 

Patellar,  left 
Patellar,  right 

.688 
.739 

-.053 

Grasping,  left  hand 
Grasping,  right  hanc 

1 

.749 
.857 

-.356 

Eyes  close  at  light 

.568 

+.130 

Eyes  converge 

Eyes  follow  moving 

object 

.784 

.945 

-.105 
-.125 

Lip  reflex 

.901 

-.386 

Reaches  to  bell 

.879 

-.105 

Reaches  to  clang 

.799 

-.232 

Reaches  to  whistle 

.850 

-.292 

Mean 

.781 

Since  the  average  of  intercorrelations  was  only  .004.  not  differing 
significantly  from  zero,  the  presence  of  a  general  factor  in  infant  be- 
havior could  not  be  considered.  It  was  interesting  to  find  that  the 
mean  coefficients  of  responses  involving  certain  segments  were  as  fol- 
lows: lumbar  cord,  .081;  cranial  nerves.  -.184;  cranial  nerves  and 
bodily  musculature,  .431.  The  coefficients  thus  excluded  averaged  .0005. 
The  authors  concluded  that  a  general  factor  was  not  indicated  by  the 
results,  that  the  infant  at  birth  is  not  a  ''mental  unit,"  and  that  integra- 
tion takes  place  during  the  first  postnatal  month  and  can  be  reasonably 
supposed  to  be  conditioned  by  the  maturation  of  the  nerve  tracts. 

Wolff  (115)  argued  that  "...on  the  hypothesis  that  inconsistency 
is  a  mark  of  immaturity,  the  higher  percentages  of  inconsistent  re- 
actions should  occur  in  those  cases  which  show  the  greatest  persistence 
of  B  [true  Babinski:  slow  hyperextension  of  the  big  toe]  or  D  [dorsal 
extension  of  all  toes  with  or  without  fanning] ."  For  her  group  of  389 
infants  ranging  in  age  from  birth  to  seven  months,  she  correlated  the 
percentages  of  these  responses  and  of  observations  "which  showed  one 
type  of  response  one  month  and  another  the  following  month."  The 
B  or  D  responses  were  expressed  by  the  ratio: 

Last  month  in  which  B  or  D  appears 

Last    month    of   observations   to    date 
The  coefficient  obtained  was  .77d=.05,  which  would  tend  to  lend  evi- 
dence for  her  hypothesis. 
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Relation  of  Plantar  Responses  to  the  Ability  to  Stand 

Fleischner  (43)  compared  the  frequency  of  responses  found  at  each 
age  level  with  respect  to  groups  which  could  and  could  not  stand.  In 
only  three  age  groups — five  to  nine  months,  nine  to  twelve  months, 
and  twelve  to  twenty-four  months — did  he  find  both  types  of  children. 
For  this  reason  he  reported  his  findings  as  follows:  "eighty-five  per 
cent  of  children  under  one  year  of  age  who  could  not  stand  showed 
the  infantile  reflex,  and  only  50  per  cent  of  children  over  this  age 
who  could  stand  showed  the  same  phenomenon."  (43,  p.  592). 

In  the  five  to  nine  month  group  the  number  of  children  who  could 
stand  was  too  small  to  afford  legitimate  comparison,  while  in  the 
twelve  to  twenty-four  month  group  there  were  too  few  who  could  not 
stand.  In  the  group  of  children  aged  nine  to  twelve  months,  how- 
ever, there  were  twenty-seven  children  who  could  stand  and  twenty- 
eight  who  were  unable  to  do  so.  The  non-standing  group  showed  a 
significantly  greater  percentage  of  the  mixed  pattern,  extension  and 
abduction  on  external  stimulation,  flexion  on  internal  stimulation. 
The  following  tabulation  shows  this  result.  (This  tabulation  was 
adapted  from  Fleischner  (43).) 


Per 

Cent 

Difference 

Response 

Nonpos- 

Pos- 

Per 

Standard 

tural 

tural 

Cent 

Error 

Extension  and  Abduction,  Toes 

86.0 

33.0 

53.0 

11.2 

Flexion 

0.0 

11.0 

11.0 

6.0 

Mixed  Response* 

0.0 

56.0 

56.0 

9.6 

Variable 

14.0 

0.0 

14.0 

6.6 

No  Response 

0.0 

0.0 

0.0 

0.0 

'•'Extension,  external  stimulation:  flexion,  internal  stimulation 

Relation  of  Plantar  Responses  to  Ability  to  Walk 

Although  he  did  not  study  the  relationship  between  plantar  responses 
and  the  ability  to  walk,  Feldman  (40).  who  related  the  response  to 
many  other  factors,  was  of  the  opinion  that  the  response  was  of  no 
significance  and  was  unrelated  to  patterns  of  locomotion.  Fleischner 
(43),  on  the  other  hand,  had  earlier  reported  findings  which  suggested 
that  such  a  relationship  did  exist.  He  reported  that  of  infants  and 
children  who  could  stand  but  not  walk  75  per  cent  showed  the  mixed 
type  of  response  (extension  on  stimulation  of  external  border,  flexion 
on  stimulation  of  internal  border),  28  per  cent  the  infantile  phenome- 
non (extension  and  abduction),  and  5  per  cent  of  the  cases  a  variable 
result.  Of  the  children  who  could  walk,  55  per  cent  showed  the 
adult  reflex,  40  per  cent  the  mixed  reflex,  and  5  per  cent  the  infantile 
reflex. 


Per  Cent 

Difff 

;rence 

Nonloco-      Loco- 

Per 

Standard 

motor        motor 

Cent 

Error 

28.0             6.0 

22.0 

9.5 

0.0          50.0 

50.0 

8.3 

72.0          44.0 

28.0 

12.0 

0.0            0.0 

0.0 

0.0 

0.0            0.0 

0.0 

0.0 

PLANT.AR  RESPONSES  OF  INFANTS  CI 

As  with  standing,  percentages  of  responses  have  been  computed  at 
the  various  age  groups  containing  children  who  could  walk,  and  those 
who  were  unable  to  do  so.  The  age  groups  were  from  nine  to  twelve 
months  (containing  too  few  children  who  could  walk  to  make  possible 
the  determination  of  significance  of  percentages),  and  from  twelve  to 
twenty-four  months  (containing  thirty-four  children  who  could  walk 
and  thirty-six  who  could  not  I .  The  percentages  computed  for  the 
twelve  to  twenty-four  month  group  are  as  follows:  (The  following 
tabulation  was  adapted  from  Fleischner  (43).) 

Response 

Extension  and  Abduction,  Toes 

Flexion 

Mixed  Response* 

Variable 

No  Response 

*Extension,  external  stimulation:   flexion,  internal  stimulation 

It  will  be  seen  that  there  is  a  significant  difference  between  the  per- 
centages of  flexion  favoring  the  walkers.  They  tend,  therefore,  to 
show  less  extension  and  less  of  the  mixed  response  than  do  the  non- 
walkers.  It  would  be  of  interest  to  know  the  mean  ages  of  both 
walkers  and  nonwalkers  at  this  level.  A  general  conclusion  from 
these  results  would  be  that  children  from  one  to  two  years  who  walk 
tend  to  give  more  flexion  than  do  nonwalkers  of  their  own  age,  thus 
few  patterns  involving  extension. 

As  an  argument  for  the  development  of  flexor  responses  in  corres- 
pondence with  the  assumption  of  postural  and  locomotor  patterns,  the 
relationship  between  responses  and  rachitis  has  been  suggested  by  some 
authors  (Salomonson  (95(,  Rudolf  (92).  Engstler  (39),  and  others). 
Since  the  gradual  development  of  the  flexor  pattern  as  opposed  to  the 
infantile  extensor  pattern  is  believed  to  be  associated  with  the  develop- 
ment of  standing  and  walking,  it  seemed  logical  to  suppose  that  rachi- 
tic children,  developing  patterns  of  locomotion  later  than  normally, 
might  tend  longer  to  retain  the  extensor  response.  Salomonson  (95) 
reports  that  this  is  the  case.  Engstler  (39)  reports  data  on  the  sub- 
ject: these  data  are  presented  in  Table  7.  Eng.stler's  rachitic  groups 
at  each  age  level — twelve  to  eighteen  months,  eighteen  to  twenty-four 
months,  and  twenty-four  to  thirty-six  months — showed  more  extension 
and  less  flexion  than  did  his  groups  of  normal  children.  The  differ- 
ences are,  however,  not  sufficiently  greater  than  their  sigmas  to  be  re- 
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liable.     It  would  be  extremely  interesting  to  study  this  problem  wit 
larger  groups  of  rachitic  children. 

Table  7 
Comparison  Between  Percentage  of  Response  of  Various  Age  Groups  Segregate 
According  to   Normal   and   Rachitic  Groups* 


Group 


Response 


Extension 


Per 

Cent 


Stand- 
ard 
Error 


Flexion 


Per 
Cent 


Stand- 
ard 
Error 


No  Response 


Per 
Cent 


Stand- 
ard 
Error 


12  to  18  Months 


Normal 

Rachitic 

Difference 


30 

46.0 

4.4 

31.0 

4.1 

23.0 

3.7 

64 

53.0 

6.2 

25.0 

5.4 

22.0 

5.2 

7.0 

7.6 

6.0 

6.8 

1.0 

6.4 

18  to  24  Months 


Normal 

Rachitic 

Difference 


100 

13.0 

3.4 

64.0 

4.8 

23.0 

4.2 

59 

17.0 

4.9 

53.0 

6.5 

30.0 

6.0 

4.0 

6.0 

11.0 

8.1 

7.0 

7.3 

24  to  36  Months 


Normal 

Rachitic 

Difference 


105 

5.0 

2.1 

90.0 

2.9 

5.0 

2.1 

41 

10.0 

4.7 

78.0 

6.5 

12.0 

5.1 

5.0 

5.2 

12.0 

7.1 

7.0 

5.5 

*  Adapted  from  Engstler  (39) 


Relationship  of  Plantar  Stimulation   to  Movements   of  Proximodistc 
Segments''  and  to  Isolated  and  Pattern  Responses 

Pratt,  Nelson,  and  Sun  (87)  studied  the  effect  of  plantar  stimuli 
tion  to  "spread  of  movements,"  within  their  group  of  newborn  infants 
Their  material  has  been  rearranged,  segregated  into  groups  of  aslee] 
and  awake,  and  presented  in  terms  of  percentages  of  each  respons 
with  the  percentages  in  each  case  compared.  The  results  for  49 
stimulations  of  infants  asleep  and  270  stimulations  of  infants  awak 
are  given  in  the  following  tabulation:  (This  was  adapted  from  Prati 
Nelson,  and  Sun  (87,  p.  198).) 


TCompare    with    the    relationship    of    responses    to    stimnlatiun    of    proximodistal    segments,    niateri 
from   Chaney   and   McCraw    (26)    reported    in   this   monograph   on   page   73. 
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Asleep 

Awake 

Per 

Si 

;andard 

Per 

Standard 

Cent 

Error 

Cent 

Error 

Toes 

57.5 

2.2 

75.0 

2.6 

Feet 

32.0 

2.1 

16.7 

2.3 

Difference 

25.5 

3.04 

58.3 

3.46 

Toes 

57.5 

2.2 

75.0 

2.6 

Legs 

10.5 

1.4 

8.3 

1.7 

Difference 

47.0 

2.62 

66.7 

3.11 

Feet 

32.0 

2.1 

16.7 

2.3 

Legs 

10.5 

1.4 

8.3 

1.7 

Difference 

21.5 

2.53 

8.4 

2.86 

It  will  he  apparent  at  once  that  all  differences  arc  significant.  Re- 
sponses to  stimulation  of  the  sole  of  the  foot  tend  to  occur  in  greatest 
amount  in  the  toes,  with  decreasing  frequency  in  the  feet  and  legs 
respectively. 

Another  series  of  data  of  seventy-one  newborn  infants  ( one  to  ten 
days  of  age),  published  by  Pratt,  Nelson,  and  Sun  (87),  has  been  re- 
arranged to  represent  the  percentages  of  specific  responses  to  plantar 
stimulations  which  occuned  alone  as  compared  with  those  which  oc- 
curred as  a  part  of  a  complex  response.  There  were  495  stimulations  of 
infants  asleep,  270  of  those  awake.  (The  following  tabulation  was 
adapted  from  Pratt.  Nelson,  and  Sun   (87.  p.  197  I.) 


Per  0 

ent 

Difference 

Occurring 

as  Part 

Occur- 

Stand 

Response 

of  Complex 

ring 

Per 

ard 

Response 

Alone 

Cent 

Error 

Asleep 

Extension.  All  Toes 

45.5 

7.7 

37.8 

2.5 

Fanning  Toes 

13.5 

0.0 

13.5 

1.6 

Extension,  Great  Toe 

7.5 

4.1 

3.4 

1.5 

Flexion,  Great  Toe 

1.0 

.4 

.6 

.6 

Flexion,  All  Toes 

11.0 

3.8 

7.2 

1.8 

Crossed  Toe  Extension        3.0 

.6 

2.4 

.9 

Extension.  Foot 

1.0 

.4 

.6 

.6 

Flexion,  Foot 

43.0 

17.2 

25.8 

2.8 

Extension,  Leg 

3.5 

1.0 

2.5 

1.0 

Flexion,  Leg 

12.0 

1.8 

10.2 

1.6 

Total 

86.0 

Awake 

37.0 

49.7 

2.7 

Extension,  All  Toes 

67.0 

14.8 

.52.2 

3.6 

Fanning  Toes 

31.5 

0.0 

31.5 

2.8 

Extension,  Great  Toe 

5.5 

1.1 

4.4 

1.5 

Flexion,  Great  Toe 

0.0 

0.0 

0.0 

0.0 

Flexion,  All  Toes 

13.7 

5.9 

7.8 

2.5 

Crossed   Toe   Extension        5.0 

0.0 

5.0 

1.3 

Extension,  Foot 

0.3 

.7 

.4 

.4 

Flexion,  Foot 

27.0 

5.6 

21.4 

3.0 

Extension,   Leg 

5.5 

.7 

4.8 

1.5 

Flexion,  Leg 

8.0 

2.2 

5.8 

1.9 

Total 

96.0 

31.0 

65.0 

3.1 
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Responses  which  are  significantly  less  frequent  alone  in  groups  of 
both  waking  and  sleeping  infants  were  found  to  be  extension,  fanning 
and  flexion  of  the  toes,  flexion  of  the  foot,  flexion  of  the  leg,  and  total 
responses.  Crossed  extension  of  the  toes  and  extension  of  the  leg 
occurred  significantly  less  frequently  alone  when  the  children  were 
awake,  and  tended  to  do  so  when  the  infants  were  asleep.  There  is 
also  a  tendency,  both  asleep  and  awake,  for  less  extension  of  the  great 
toe  to  occur  alone.  These  findings  are  of  importance  in  the  light  of 
Bersot's  (11)  as  well  as  the  authors'  stress  upon  an  organismic  rather 
than  a  reflex  type  of  response. 

Relation  Between  Plantar  Responses  and 
Stimulating  Conditions 

Reference  to  material^  in  the  Appendix  will  indicate  that  many  fac- 
tors enter  into  the  stimulus  conditions  and  that  these  have  varied  be- 
tween investigators  to  a  marked  degree.  Originally  the  authors  hoped 
to  take  these  factors  into  account  by  attempting  to  relate  to  them  the 
type  of  response  most  often  elicited.  This  plan  was  abandoned,  how- 
ever, when  it  became  apparent  that  any  such  relationship  would  be 
fallacious  statistically  as  well  as  in  many  other  ways.  Such  variables 
as  the  instrument  used,  direction  and  area  of  the  stroke,  and  quality 
and  pressure  of  stroke  could  in  no  way  be  held  constant  while  the 
other  variables  were  studied.  Mention  has  been  made  of  the  relation- 
ship between  responses  and  laterality  and  between  responses  and  sleep. 
The  findings  here  suggest  that  diff^erences  due  to  the  temperature  of  the 
foot,  type  of  instrument  used,  and  so  forth  may  very  likely  exist. 

Another  extremely  important  factor  to  be  taken  into  account  is  the 
judgment  of  response.  What  constitutes  Watson's  "Babinski,"  the 
"flexion"  of  Feldman,  Bersot's  "contr.  du  m.  tens,  du  fascia  lata?''  In 
their  attempt  to  judge  the  responses  of  infants  quantitatively,  Avhat 
were  the  degrees  of  "plantar  reflex"  reported  by  Furfey,  Bonham,  and 
Sargent  (46)  ? 

Pressure 

Waggoner  and  Ferguson  (106)  related  the  responses  obtained  to  the 
pressure  of  the  stimulus,  calibrated  as  0  and  30,  for  approximately  8(' 
and  250  grams.  Their  results  were  reported  in  per  cent  of  each  response, 
and  have  been  compared  in  Table  8.    Despite  the  suggestion  of  most 


8The   material    has   been   arranged    in   tabular    form    to   present   a    refcrenrp    to   which    the   reader   may 
turn   in   connection   with    the   conditions   for   experiments   in    this   study. 
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Table  8 

Comparison  Between  Percentage  of  Response  of  Various  Age  Groups 

Segregated  According  to  Pressure* 


Pressure, 
Grams 

3 

Response 

Extension 
All  Toes 

Extension 

Great  Toe, 

Flexion 

Others 

Fle> 

ion 

No  Response 
and  Others 

Per 
Cent 

Stand 

ard 

Error 

Per 
Cent 

Stand- 
ard 
Error 

Per 
Cent 

Stand- 
ard 
Error 

Per 
Cent 

Stand- 
ard 
Error 

1 

to  3  Days 

80 

75 

61.7 

5.6 

18.6        4.3 

14.3 

4.0 

5.4 

2.5 

250 

75 

39.6 

5.7 

17.0        4.3 

36.0 

5.5 

7.4 

2.9 

Difference 

22.1 

8.0 

1.6        6.1 

21.7 

6.8 

2.0 

3.8 

7th  Day 

80 

25 

38.0 

9.7 

43.0         9.9 

14.0 

6.9 

5.0 

4.4 

250 

25 

18.0 

7.7 

8.0        5.4 

68.0 

9.3 

6.0 

4.8 

Difference 

20.0 

12.4 

35.0       11.3 

54.0 

11.6 

1.0 

6.5 

10th  Day 

80 

25 

72.0 

9.0 

28.0        9.0 

0.0 

0.0 

0.0 

0.0 

250 

25 

28.0 

9.0 

17.0         7.5 

43.0 

9.9 

12.0 

6.5 

Difference 

44.0 

12.6 

11.0       11.7 

43.0 

9.9 

12.0 

6.5 

6  Months 

80 

26 

12.0 

6.4 

60.0        9.6 

28.0 

8.8 

0.0 

250 

26 

0.0 

0.0 

1.0        2.0 

99.0 

2.0 

0.0 

Difference 

12.0 

6.4 

59.0        9.8 

71.0 

9.0 

0.0 

1  Year 

80 

26 

0.0 

0.0 

12.0        6.4 

88.0 

6.4 

0.0 

250 

26 

0.0 

0.0 

4.0        3.8 

96.0 

3.8 

0.0 

Difference 

0.0 

0.0 

8.0         7.5 

18.0 

7.4 

0.0 

*  Adapted  from  Waggoner  and  Ferguson    (106) 

authors,  differences  are  not  obvious.  The  lighter  stimulus  seems  to 
call  out  significantly  more  extension  of  the  great  toe  and  flexion  of 
the  remaining  four   toes   at   the   seven   day   stage   and   the  six   month 
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stage.  The  heavier  stimulus  calls  out  significantly  more  flexion  at 
the  seven  and  ten  day  stages  and  at  six  months;  it  also  has  a  tendency 
to  do  so  at  the  one  to  three  day  stage  and  at  one  year.  Extension  is 
called  out  by  the  lighter  stimulus  at  ten  days  and  perhaps,  though  not 
with  great  significance,  at  one  to  three  days.  The  conclusion  from  these 
data  would  be  that  pressure  of  80  or  250  grams  is  likely  to  elicit  about 
the  same  amount  of  response;  of  the  responses  elicited,  the  lighter 
stimulus  tends  to  call  out  more  extension. 

Plantar  Responses  Occurring  After  the  Stimulator  Had  Left  the  Foot 

Davidson  (32),  in  his  examination  of  the  feet  of  161  neurologically 
normal  adults,  noted  responses  occurring  after  the  McCouch  (68) 
stimulator  (165  grams)  had  left  the  foot.  He  reported  his  findings 
as  follows®: 

"Secondary  Responses. — In  68  of  the  322  feet  examined  [21  per  cent], 
movement  of  the  toes  occurred  after  the  stimulator  had  left  the  feet.  Most 
of  these  secondary  responses  occurred  when  the  metatarsal  arch  response 
was  of  the  flexor  type,  and  most  of  the  secondary  movements  were  ex- 
tensor. Of  the  83  patients  whose  ball-of-the-foot  response  was  of  'DD'  type 
[flexion  great  toe;  flexion  other  toes],  23  [28  per  cent]  showed  secondary 
reactions  of  some  extensor  form.  Of  the  68  persons  whose  metatarsal  arch 
response  was  of  the  'QD'  type  [no  response  of  great  toe;  flexion  of  other 
toes],  29  [43  per  cent]  showed  some  form  of  extensor  reaction  as  a  second- 
ary movement. 

"When  a  calcaneal  response  preceded  a  metatarsal  arch  reaction,  the 
former  was  usually  flexion,  the  latter  extension.  The  same  pattern  is  ex- 
tended along  the  foot,  and  many  of  the  patients  who  exhibited  flexion  at 
the  ball  of  the  foot  showed  extension  as  a  secondary  reaction.  This  sug- 
gests that,  in  many  cases,  extension  is  an  overreturn  of  the  flexing  toes." 
(32,  p.  1031) 

Type  of  Stimulating  Instrument  and  Its  Effect  Upon  Plantar  Responses 

The  comparison  of  instruments  for  the  stimulation  of  plantar  re- 
sponses has  had  practically  no  experimental  attention.  Davidson  (32. 
p.  1033)  stimulated  161  neurologically  normal  adults  with  a  stimu- 
lator (McCouch  (68)  )  under  "standard"  conditions,  then  noted  the 
change  in  response  which  was  produced  by  using  the  stroke  of  an  al- 
gesimeter  which  was  calibrated  to  give  a  pin  prick  of  63  grams  pres- 
sure, calling  it  a  "nocuous"  stimulus.  He  noted  no  difference  in  re- 
sponse in  218  of  the  322  stimulations  (68  per  cent),  a  "shift  toward 


9The   material    in    brackets    in    the    quoted    passage   was   added    by    the   writers. 
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flexion  in  66"   (20  per  cent),  and  "toward  extension  in  38"   (12  per 
cent).    He  concluded  that: 

"Rapidly  drawn  across  the  sole  of  the  foot,  a  pin  does  not  produce  pain ; 
in  fact,  it  is  a  less  intense  stimulus  than  the  standard  stimulator,  because 
its  surface  area  is  so  much  less.  The  rapid  stroke  does  not  allow  the  pin 
to  penetrate.  In  the  investigation  of  nocuous  stimuli,  observations  a!)out 
the  pin  as  a  stroking  instrument  are  valueless;  under  such  conditions  a  pin 
is  not  a  nocuous  stimulus  at  all.  Clinically,  a  pin  might  be  used  to  study 
the  plantar  reflex  quite  as  well  as  a  blunter  instrument."    (32,  p.  1033-1034) 

Davidson  decided  that  a  single  pin  prick  under  the  ball  of  the  foot 
would  serve  as  a  satisfactory  nocuous  stimulus.  He  compared  the  re- 
sponses obtained  under  normal  conditions  with  those  obtained  from 
the  great  toe  when  the  pin  prick  was  made  under  the  great  toe,  and 
from  the  small  toes  when  he  pricked  beneath  them.  He  stimulated 
both  feet  of  eighty  adults  and  obtained  the  following  results:  (The 
following  tabulation  was  adapted  from  material  of  Davidson  (32,  p. 
1034).) 

Under  Standard  Stimulus 

18  gave  extension    great   toe 

40  gave  extension  lesser  toe 

93  gave  flexion  great  toe 

49  gave  no  response 

Davidson  concluded  from  this  experiment  that  "If  the  insertion  of 
a  sharp  pin  into  the  sole  of  the  foot  is  a  valid  nocuous  stimulus,  one 
must  conclude  that  flexion  is  the  normal  response  to  harmful  stimuli. 
The  Babinski  sign  cannot,  therefore,  be  a  defense  reaction." 

Effect  Upon  Plantar  Responses  of  Stroking  the  Outer  Borders 
of  the  Plantar  Surface 

Babinski  (5)  and  Burr  (24)  noted  that  stroking  of  the  outer  border 
seemed  to  give  the  best  results,  whether  in  terms  of  flexion  or  exten- 
sion. Although  no  experimental  results  are  supplied  to  support  that 
conviction,  most  clinicians  have  assumed  it  to  be  the  legitimate  region 
of  stimulation.  Jelliffe  and  White  (51)  suggest  that  either  border 
may  be  stimulated. 

The  only  experiment  found  which  throws  light  on  the  matter  is  that 
of  Davidson  (32).  He  stimulated  161  neurologically  normal  adults 
under  "standard"  conditions  along  the  external  (fibular)  border,  then 
restimulated  them  along  the  internal    (tibial)    border,  and  noted  that 
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".  .  .  in  286  [87  per  cent]  of  the  322  cases  this  was  followed  by 
prompt  withdrawal  of  the  foot."  He  mentioned  neither  the  frequency 
of  withdrawal  in  response  to  stimulation  of  the  external  border  nor 
the  nature  of  toe  movements  accompanying  withdrawal,  in  response  to 
internal.  Davidson  concluded  that  the  greater  degree  of  withdrawal 
in  the  latter  case  is  due  to  greater  degree  of  skin  sensitivity  on  this 
surface  as  compared  to  the  fibular  surface. 

Effect  of  Bending  the  Knee  at  the  Time  of  Stimulation 
Upon  Plantar  Responses 

Davidson  (32),  after  stimulating  161  neurologically  normal  adults 
under  "standard"  conditions  (knee  extended),  noted  the  effect  of  re- 
stimulating  with  the  knee  flexed.     He  reported  that: 

"Of  the  322  feet  tested  under  standard  conditions,  bending  the  knee 
brought  about  a  shift  toward  extension  in  20  instances  and  toward  flexion 
in  37  cases;  in  the  remaining  275  feet,  bending  the  knee  was  not  associated 
with  any  change  in  the  response.  The  conchision  seems  to  be  that  in  de- 
termining the  plantar  reflex  the  attitude  of  the  knee  is  not  important." 
(32,  p.  1032)10 

Effect  Upon  Plantar  Responses  of  Turning  the  Head  Toward  or  Away 
From  the  Stimulated  Side  at  the  Time  of  Stimulation 

Walshe  (108)  believed  that  a  doubtful  Babinski  could  be  made  defi- 
nite by  turning  the  occiput  toward  the  paralyzed  side  at  the  time  of 
stimulation,  since  turning  of  the  head  toward  the  stimulated  side  should 
increase  tonus  and  thus  reduce  time  of  extension.  This  assumption 
was  based  on  Magnus'  experiments  (70).  As  a  check  on  this  observa- 
tion, Davidson  (32,  p.  1032).  after  stimulating  161  neurologically 
normal  patients  under  "standard"  conditions  with  the  head  turned 
away  from  the  stimulation,  stimulated  them  with  the  head  turned  to 
the  other  side.  "Of  the  322  feet,  only  28  [or  8.7  per  cent]  showed  a 
diff^erent  reaction  after  the  head  had  been  rotated.  This  suggests  that 
in  ordinary  clinical  practice  the  position  of  the  head  is  not  important 
in  examining  the  plantar  reflex."  (32,  p.  1032).^^ 

Effect  of  Distraction  During  Stimulation  Upon  Plantar  Responses 

Davidson  (32.  p.  1031)  sought  to  determine  whether  or  not  distrac- 
tion of  the  subject's  attention  during  the  stimulation  of  the  plantar  sur- 


lOThese    figures    (20+37+275)    total    up    to    332,    hence    percentages    were    not    calculated. 
llThe   figures   in   brackets   were   determined   l»y    the   authors   of   the   present   study. 


PLANTAR  RESPONSES  OF  INFANTS  69 

face  might  not  influence  the  type  of  response;  it  has  been  found  to  do 
so  in  the  case  of  the  knee-jerk.  In  his  experiment  with  161  neuro- 
logically  normal  adults,  he  placed  a  key,  coin,  or  some  similar  object 
in  the  patient's  hand  and  asked  him  to  feel  it  and,  while  stimulation 
took  place,  to  call  out  its  name.  "In  most  of  the  adults  examined,  no 
significant  differences  were  found  between  the  responses  when  the 
patient  was  attending  and  the  reaction  when  he  was  distracted."'  The 
experimental  results  were  not  reported. 

Repetition  of  Stimuli 

With  regard  to  repetition  of  stimuli,  three  experimenters  have  con- 
tributed results  of  some  significance.  Bersot  (11)  stimulated  his 
groups  (from  birth  to  100  years  of  age)  twenty  times,  and  reported 
the  average  number  of  times  each  of  eight  responses^-  occurred  for 
each  age  group.  These  averages  were  reported  in  terms  of  a  value 
which  he  called  C,  corresponding  to  the  average  calculated  by  the 
short  method.  He  reports  also  an  tjI  value,  which  he  regards  as  indi- 
cative of  dispersion  or  variability.  This  seems  to  correspond  with  the 
Sfd^  calculated  by  the  short  method,  and  differs  from  a  in  that  the 
N 
correction  for  guessing  the  average  has  not  been  made.     In  most  cases 

Bersot  guessed  at  the  average  already  determined  (that  is,  average 
=9.43,  guessed  average  =9)  so  that  the  error  would  be  relatively 
small.  It  is  unfortunate  that  the  original  data  were  not  given  to 
greater  extent,  as  these  determinations  might  have  considerably  greater 
significance.  The  values  are  reported  in  Table  2  as  average  and  as  rjl. 
There  seems  to  be  a  tendency  for  infants  and  older  people  (1)  to 
respond  more  readily  to  stimulation.  (2)  and  to  give  more  extension 
of  all  toes  (eo)  and  extension  of  the  great  toe  (eg  I  responses.  The 
variability  seems  to  decrease  with  age.  In  other  words,  younger  chil- 
dren tend  to  vary  from  their  mean  (that  is,  they  tend  to  respond  either 
to  almost  every  stimulation  by  extension  or  to  no  stimulations  by 
extension),  whereas  adults  tend  to  respond  more  homogeneously  to  no 
stimulations.     It  is  unfortunate  that  Bersot's  experimental  material  is 

12 

D  ^z:  phenomenon   of   defense 

1  ^  contraction  of  the  tensor  muscle  of   fascia  lata    (hip) 

q  zzz  contraction  of  quadriceps   crural    (knee   extension) 

a  ^=  contraction  of  adductor  muscles    (adduction   of  leg) 

eo  ^  contraction  of  extensor  muscles  of  the   toes   (extension  of  all   toes) 
eg  =  extension   of   the  great  toe 

j  I^  contraction  of  anterior   leg   muscle    (ankle    flexion   and    eversion) 

i  ^z  contraction  of  interosseux    (interdigital)    muscles 
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not  amenable  to  the  more  conventional  statistical  analysis,  as  it  un- 
doubtedly contains  the  raw  material  for  important  conclusions  regard- 
ing genetic  aspects  of  the  problem  of  variability  of  plantar  responses. 

Sherman  and  Sherman  (99)  stimulated  ninety-six  infants  from  .5 
to  300.5  hours  of  age.  They  obtained  extension  in  forty-one  cases  or 
in  42.7  per  cent.  These  forty-one  were  restimulated  immediately  so 
that  any  summation  effect  could  be  noted.  They  were  found  to  give 
another  extension  in  only  ten  cases,  10.4  per  cent  of  the  whole  group 
of  ninety-six  and  in  24.4  per  cent  of  the  forty-one  restimulated.  It 
would  have  been  interesting  to  note  the  type  of  response  given  by  the 
group  of  fifty-five  who  did  not  give  extension  the  first  time. 

Chaney  and  McGraw  (26)  noted  the  incidence  of  response  to  stimu- 
lation for  various  reflexes.  Their  data  relative  to  all  plantar  responses 
of  100  neonates  (from  two  hours  to  ten  days  of  age),  irrespective  of 
time  interval  between  stimulations,  were  as  follows:  (The  following 
tabulation  was  adapted  from  Chaney  and  McGraw  (26,  p.  18).) 

Reflex  Stimulation 

12  3  4  5 

Percentage  Response 
Plantar-sole  100.0  99.9  100.0  100.0  99.9 

Similar  percentages  were  obtained  for  other  reflexes.  The  authors 
concluded  that  "This  would  suggest,  at  least,  that  a  repetition  of  stimu- 
lations does  not  materially  increase  the  probability  of  a  response" 
(26,  p.  18). 

Area  Stroked 

Material  regarding  the  "reflexogenous  zones"  or  areas  stroked  has 
been  contributed  by  three  experimenters:  Waggoner  and  Ferguson 
(106),  Davidson  (32),  and  Chaney  and  McGraw  (26).  Waggoner 
and  Ferguson  reported  the  total  number  of  times  responses  of  exten- 
sion, extension  of  one  toe  (the  great  toe)  and  flexion  of  the  others, 
flexion  becoming  extension  and  extension  becoming  flexion,  flexion, 
and  miscellaneous  responses  occurring  when  the  "anterior"  and  "pos- 
terior quadrants"  are  stroked.  The  responses  were  observed  when 
the  child  was  asleep  and  awake. 

Davidson  (32)  noted  the  response  of  the  great  toe  and  of  the  other 
four  loes  to  stimulation  of  165  grams  (McCouch  stimulator).  He 
segregated  those  which  appeared  to  be  due  to  heel  stimulation  ("cal- 
caneal" responses)  from  those  which  were  due  to  stimulation  of  the 
ball  of  the  foot  ("metatarsal  arch  response").     His  subjects  were  161 
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neurologically  normal  adults;  his  stroke  was  from  heel  to  toe  along 
the  external  (fibular)  border.  "Secondary  responses"  or  those  which 
occurred  after  the  stimulator  had  left  the  foot  were  also  recorded. 
His  results  for  calcaneal  and  metatarsal  arch  responses  are  described 
in  percentage  form  for  the  322  stimulations  given  as  follows:  (The 
following  tabulation  was  adapted  from  Davidson   (32).) 


Response 

Per 
Calcaneal 

Cent 

Metatarsal 
Arch 

Difference 
Per          Standard 
Cent             Error 

All  Toes 
Extended 

2.2 

8.7 

6.5 

1.8 

Great  Toe 
Extended, 
Four  Toes 
No  Response 

0.6 

2.8 

2.2 

1.2 

Great  Toe 
Extended, 
Four  Toes 
Fanned 

0.0 

0.0 

0.0 

0.0 

Great  Toe 
Extended, 
Four  Toes 
Flexed 

.0.9 

1.2 

0.3 

0.9 

All  Toes 
Flexed 

47.0 

25.6 

21.4 

3.7 

Great  Toe 
Flexed, 
Four  Toes 
No  Response 

5.3 

3.2 

2.1 

1.6 

Great  Toe 

Flexed, 
Four  Toes 
Extended 

6.4 

12.8 

6.4 

2.3 

Great  Toe 

No  Response, 
Four  Toes 
Extended 

3.2 

6.5 

3.3 

1.7 

Great  Toe 

No  Response, 
Four  Toes 
Flexed 

19.1 

21.0 

1.9 

3.2 

All  Toes 
No  Response 

15.1 

18.2 

3.1 

2.9 

It  will  be  noted  that  significant  differences  appear  between  the  re- 
sponses to  calcaneal  and  metatarsal  arch  responses  for  all  toes  ex- 
tended (favor  of  ball  of  foot  stimulation)  and  all  toes  flexed  (favor  of 
heel  stimulation).  The  pattern  of  great  toe  flexed  and  four  toes  ex- 
tended seems  somewhat  more  frequent  in  response  to  ball  of  foot 
stimulation.     It  would  appear  that,  as  the  result  of  passing  from  heel 
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Figure  4.  Relative  Percentages  of  Various  Plantar  Responses  Obtained  From 
Infants  Aged  One  to  Ten  Days,  Both  Asleep  and  Awake,  When  the  Anterior  and 
Posterior  "Quadrants"  Are  Stroked  (Adapted  From  Waggoner  and  Ferguson  (106) ) 
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to  the  ball  of  the  foot,  more  extension  appears  at  the  expense  of 
flexion.  It  is  interesting  to  note  that  the  response  great  toe  extended 
and  four  toes  fanned  (the  "classic  Babinski"j  did  not  appear  in  either 
type  of  stimulation.     Davidson  rightly  concluded: 

"1.  In  adul.ts  there  is  no  one  type  of  response  that  can  be  considered  the 
normal  plantar  reflex.  In  most  cases  all  the  toes  flex,  but  extension  of 
the  toes,  even  of  the  big  toe,  is  compatible  with  a  normal  motor  system. 

"2.  Isolated  extension  of  the  big  toe  with  fanning  of  the  other  toes  does  not 
occur  in  normal  adults."    (32,  p.  1036) 

Waggoner  and  Ferguson  (106)  did  not  report  the  data  obtained, 
except  in  graphic  form  comparing  the  quadrants  asleep  in  one  chart 
with  the  quadrants  awake  in  another.  These  have  been  combined  and 
presented  in  Figure  4.  The  authors  summed  up  their  findings  as 
follows: 

"In  comparing  the  total  responses  by  quadrants  with  the  infants  awake 
it  will  be  seen  that  flexion  compares  rather  well  with  extension,  having 
only  a  slight  lead  in  the  anterior  quadrants  of  the  foot.  However,  in  the 
posterior  quadrants  there  were  more  than  twice  as  many  extensor  responses 
as  flexor.  A  more  important  observation,  however,  is  that  the  number  of 
responses  by  extension  of  the  great  toe  with  flexion  of  the  others  is  es- 
sentially the  same  in  the  two  halves  of  the  foot.  This  observation  does  not 
hold  true  when  the  infants  are  examined  while  asleep.  The  anterior  and 
posterior  halves  of  the  foot  are  about  even,  and  in  both  cases  we  found 
about  three  times  as  many  flexor  responses  as  extensor.  This  bears  out  our 
previous  assumption  that  flexion  responses  occur  more  frequently  if  the 
subject  is  asleep.  Again  the  extension  response  of  the  great  toe  witli  flexion 
of  the  others  was  about  equal  in  the  two  halves  of  the  foot."   (106,  p.  11) 

Chaney  and  McGraw  (26)  noted  the  plantar  responses  of  twenty- 
five  infants  during  the  first  two  hours  after  birth  and  of  one  hundred 
infants  from  two  hours  to  ten  days  of  age  in  response  to  five  types 
of  stimulation: 

1.  ".  .  .  stroking  the  sole  of  the  foot  with  a  toothpick  applicator  along  the 

external   surface   to   the   metatarsal   arch,   and   then   medially  across  the 
arch  to  the  metatarso-phalangeal  joint  of  the  great  toe."    (26,  p.  22) 

2.  "The  external  dorsal  surface  of  the  foot  was  stroked  with  an  applicator, 

the  movement  being  from  the  ankle  toward  the  little  toe."  (26,  p.  25-26) 

3.  ".  .  .  the  external   surface   of  the  leg    from   the  knee  to  the  ankle,  was 

stroked  with  the  applicator  .  .  ."    (26,  p.  26) 

4.  ".  .  .  stroking  the   external   surface   of   the  thigh    from   the   level   of   the 

trochanter  toward  the  lateral  aspect  of  the  knee."    (26,  p.  2T) 

5.  "A  firm  stroke  of  the  index  finger  and  thumb  of  examiner  made  along 

the  medial  border  of  the  tibia  of  the  infant  .  .  ."  [Not  used  with  partu- 
nates]     (26,  p.  30) 


74 


IOWA  STUDIES  IN  CHILD  WELFARE 


cs 

CM 

CM 

t^ 

p 

VO 

o 

p  o 

asuodsa)]   ofj 

(— H 

CO 

CM 

00 

t~^ 

vd 

•^ 

\6    CM 

f— 1 

Ov 

CM 

Cn) 

CO 

c 

o 

r-  00 

o  o 

JOOJ   jO 

[BAVBJpqjl^ 

r— 1 
lO 

CO 

r-H 

p 

CM 

P 

o 
o   . 

o  o 
o  o 

■:t 

Xiiuiajjxg 

c 

ajTjug 

CO 

^ 

Tt 

CO 

CO 

CM 

^d 

'^  -^ 

_o 

IBMBJpmj^ 

ro 

CN 

CO 

VD 

CM 

*-* 

c 
o 

Jt 

'3 

)OOj   JO    UOIl 

rt 

C^ 

CM 

t^ 

f— 1 

p 

o 

o  o 

g 

U 

•jiipiunji|3 

cA 

C-^ 

a\ 

CO 

'*' 

vd 

o 

Cd    -rj^ 

c75 

p:; 

o 

JOOj   jO 

CO 

CN 

r-( 

O 

f-H 

o 

p 

o  o 

o 

H 

UOIXJJJ 
JBIUBIJ 

o 

^' 

o 

o 

o  d 

c 

c 

rt 
^ 

H 

lOOJ 

--; 

VO 

CO 

o 

c 

p 

o 

o  o 

'5b 

JO    JBMBjp 

f-H 

Th 

o 

o 

"* 

o 

cd  cd 

ID 

-Hl!A  1^!"0 

f—i 

•-^ 

PS 

4^ 

d 

^^ 

o^. 

1—i 

o 

'^ 

o 

c 

o  o 

o 

o 

JOOJ   JO 

rj! 

vO 

LO 

CO 

o 

-d 

^ 

c>  d 

uoixayisjoQ 

CM 

CM 

^H 

CM 

^ 

■"^ 

u 

C^ 

rM 

r~; 

1 

^ , 

P 

o 

c  c 

Ah 

6 

4-» 

|«MBJp 

^ 

irj 

I — 1 

CO 

CM 

d  o 

tf) 

OO 

5 

uoixaj  j 

o 

r-H 

— N 

CO 

l^ 

LO_ 

C' 

p 

o  o 

Xq  paMOJloj 

LO 

cm' 

CM 

CM 

d  d 

1^    a 

uoisuajxg 

*j  o 

'"' 

IJ  CM 

uoifiuaixg 

42     lU 

Xq  psMoijoj 

CO  1— 1 

c 

CO 

Ov 

CO 

,_, 

LO 

S    <« 

o 

O 

o  o 

UOIX3|J 

3    tn 

■-< 

c^i 

cd 

d  d 

«  Z 

lO 

LO 

^ 

t^ 

"*. 

p 

o 

p  o 

^^ 

JOX  IBJJO 

c 

CO 

1; 

lioisilJix;^  puB 

'    ' 

(-H 

■ 

rr 

c^i 

c 

C^^     CM 

uo;xj|j  iqSjis 

CO 

LO 

LO 

\C 

CM 

p 

o 

c 

o  o 

oox  inaJO 

uoisuoixg 

f— t 

c> 

o 

d  d 

5 

c 
o 

a. 

aoj_  jBSj;) 

ON 

vC 

00 

>.c 

C^j 

o 

o 

o  o 

v>« 

UOIXO^  .J 

cj 

CO 

^C 

r-H 

CM 

c^i 

o 

d  d 

vO 

o 

PS 

c-j 

C 

4J 
O 

.>OL  1B->J0 

o 

^ 

O 

^ 

o 

o 

p 

o  o 

CB 

o 
es 

iiopjiippy 

'-^ 

o 

o 

o 

o 

d  d 

o 

ID 

PS 

joxamii 
uojxaj  .J 

r-l 

o 

o 

t-; 

f-H 

o 

o 

o  o 

>r-« 

CO 

CO 

CO 

'"' 

""^ 

C^j 

o 

d  o 

^. 

.£ 

^ 

5 

O 

11CI|X.I|  ,| 

tT 

r- 

CO 

CO 

t— 

p 

p 

o  o 

>» 

-a 

o 

r~^ 

CO 

vd 

CM 

^ 

^ 

c^i   o 

f— » 

1— 1 

r-H 

o 

rt 

S 

(-; 

i^ 

U 

CB 

II(MSII01X%J 

LO 

CO 

Ov 

■^ 

CO 

p 

o 

c  o 

c 

00 

•^" 

vd 

r-^ 

CM 

CM 

vC 

d    vc' 

C 

eg 

LO 

LO 

r-H 

^ 

'— ^ 

r-^ 

p 

,  f" 

0^ 

-o 

C 

t/ 

,o 

H-« 

^^-1 

_C 

Hh 

o. 

03 

o 

(/J    o 

ti 

'53  _ 

o 

§  o 
S  o 

-a 

C>0 

ca 

o  "^ 

a 

5^ 

(U    4= 

Ph 

Q 

hJ 

H 

o 

Oh 

Q 

J  H 

PLANTAR  RESPONSES  OF  INFANTS  75 

Their  results  have  been  placed  in  the  order  given  above  in  Table  9. 
It  will  be  noticed  that  certain  responses  in  particular  show  a  decreas- 
ing frequency  as  the  stimulus  is  applied  at  a  greater  distance  from  the 
plantar  surface,  for  example,  extension  of  toes,  quick  withdrawal,  and 
withdrawal  of  foot  in  the  neonates  and  extension  and  flexion  of  toes, 
dorsiflexion  of  foot,  and  withdrawal  responses  of  the  partunates.  The 
differences  between  the  percentages  of  "no  response"  and  the  trend 
from  more  frequent  to  less  frequent  response  are  well  illustrated.  In 
the  light  of  "reflexogenous  zones"  of  plantar  stimulation,  these  data 
experimentally   bear   out   the   observations    of   many   earlier   workers. 

SUMMARY  OF  EVIDENCE  REGARDING  FACTORS 
RELATED  TO  PLANTAR  RESPONSES 

It  should  be  obvious  from  the  reports  of  the  studies  given  in  this 
chapter  that  the  supposed  influence  of  certain  factors  has  not  been 
demonstrated  to  be  operative  in  eliciting  plantar  phenomena.  This 
may  be  due  to  the  technique  employed,  to  the  few  subjects  used  in 
experimentation,  and  to  other  factors  of  an  experimental  type.  The 
reason  in  other  cases  may  be  simply  that  the  factors  studied  are  not 
related. 

Factors  which  are  not  demonstrably  related  to  plantar  responses 
are:  race,  fatigue,  type  of  delivery  and  anesthesia  used  at  birth,  pre- 
maturity of  birth,  weight  and  length  per  se,  type  of  feeding  in  infancy, 
cephalic  index,  ability  to  stand  and  walk  per  se.  bending  of  the  knee, 
and  turning  the  head  and  being  distracted  by  adults.  The  study  of 
responses  of  twins  has  given  no  suggestive  evidence  so  far.  A  con- 
clusive experiment  on  the  eff"ect  of  repetition  of  stimuli  has  yet  to  be 
performed.  Davidson's  (32)  conclusions  regarding  the  responses  oc- 
curring after  the  stimulator  has  left  the  foot  suggest  nothing  definite. 

Feldman  (40)  found  no  statistically  significant  sex  differences  in 
the  responses  of  children  up  to  four  years  of  age.  There  was,  how- 
ever, a  tendency  for  females  to  give  consistently  more  extension  of  the 
toes  at  all  age  levels. 

Pratt,  Nelson,  and  Sun  (87)  showed  that  stimulation  of  the  right 
foot  gave  significantly  more  extension  of  the  contralateral  great  toe 
than  did  stimulation  of  the  left.  There  was  a  fairly  significant  differ- 
ence between  the  amounts  of  foot  extension,  favoring  the  left  foot. 
These  were  the  only  differences  between  groups  segregated  for  later- 
alitv  of  stimulated  foot. 
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The  experiments  of  Pratt,  Nelson,  and  Sun  (87)  and  of  Waggoner 
and  Ferguson  (106)  showed  a  tendency  for  infants  asleep  to  give  more 
flexion  and  for  infants  awake  to  give  more  extension  of  toes. 

Tournay  (103),  reporting  on  one  case,  stated  that  he  found  a  defi- 
nite relationship  between  extension  of  the  toes  in  an  uremic  adult 
during  the  phase  of  apnoea  in  Cheyne-Stokes  respiration. 

Feldman  (40)  found  a  slight  tendency  for  infants  of  subnormal  tem- 
perature (below  97  degrees)  to  give  more  extension  than  normal  or 
supernormal  (99  degrees  or  over)   infants. 

Salomonson  (95)  showed  that  the  mechanical  response  of  the  great 
toe  (extensor  hallucis)  followed  soon  after  a  tetanus,  which  subsided 
well  before  the  mechanical  response.  The  suggestion  that  the  relation- 
ship between  agonist  and  antagonist  in  plantar  responses  is  of  im- 
portance in  determining  the  response  is  borne  out  (1)  by  the  demon- 
stration of  Bourguignon  (15,  16,  17)  and  his  associates  that  differing 
chronaxia  are  demonstrated  for  extensors  and  flexors  for  the  toes, 
and  (2)  by  Zador  (117)  and  Elliott  and  Walshe  (38)  that  drugs 
which  increase  or  decrease  flexor  tone  may  affect  the  nature  of  the 
response. 

It  is  accepted  by  practically  all  neurologists  that  injury  to  the  pyra- 
midal or  cortico-spinal  pathways  will  induce  in  the  adult  an  extensor 
response  to  follow  plantar  stimulation.  This  response  is  due  to  extra- 
pyramidal factors  in  the  central  nervous  system,  since  a  flexion  is 
produced  when  only  the  lower  motor  neurone  is  allowed  to  function. 

Wolff  (115)  showed  that  inconsistency  of  response  from  month  to 
month  tends  to  correlate  with  the  frequency  of  extension  of  toes. 

Pratt,  Nelson,  and  Sun  (87)  showed  that  response  to  plantar  stimu- 
lus was  greatest  in  the  toes,  less  extensive  in  the  feet,  and  least  ex- 
tensive in  the  leg.  Chancy  and  McGraw  (26)  noted  that  response 
of  the  toes  occurs  most  frequently  when  the  sole  of  the  foot  is  stimu- 
lated, less  frequently  when  the  dorsum  of  the  foot  is  stimulated,  and 
least  frequently  when  more  proximad  regions  are  stimulated.  In  ad- 
dition, Pratt,  Nelson,  and  Sun  (87)  showed  that  isolated  responses  of 
toes  and  so  forth  were  far  less  frequent  than  were  responses  occurring 
simultaneously  with  other  responses. 

Regarding  other  stimulatory  conditions,  Waggoner  and  Ferguson 
(106)  observed  a  tendency  for  80  grams  pressure  to  elicit  slightly 
more  extension  from  infants  than  did  250  grams.  Davidson  (32) 
showed  that,  on  a  pin  prick  at  the  ball   of  the  foot,  flexion  occurred 


PLANTAR  RESPONSES  OF  INFANTS  77 

in  the  normal  adult.  According  to  Davidson,  .stroking  of  the  inner 
border  of  the  foot  of  the  adult  results  in  more  withdrawal  than  does 
stroking  the  outer  border  (probably  due  to  ticklingj.  He  showed  also 
that,  as  the  stimulator  passed  from  heel  to  toe,  more  extension  of  toes 
was  induced.  This  finding  with  adults  is  a  contrast  to  that  of  Wag- 
goner and  Ferguson  (106)  with  infants,  where  more  than  twice  as 
much  extension  as  flexion  was  called  out  from  the  posterior  quadrants 
of  the  foot. 


CHAPTER  III 
JUDGMENT  OF  RESPONSES 

In  an  effort  to  determine  the  causes  for  the  great  amount  of  dis- 
agreement in  the  literature  evident  in  almost  all  phases  of  the  problem 
of  plantar  responses,  it  was  decided  to  investigate  response  as  well  as 
stimulus  variables.  The  assumption  was  that  the  disagreement  might 
be  due  to  variation  by  observers  in  reporting  the  responses  and  to  lack 
of  precision  in  stimulating  the  plantar  surface.  In  this  section  the 
problems  concerned  with  the  reliability  of  the  judgments  of  plantar 
responses  will  be  treated  from  several  angles.  In  the  following  sec- 
tions some  experimental  work  relative  to  stimulus  factors,  such  as 
pressure  and  types  of  stroke,  will  be  presented.  As  a  means  of  orient- 
ing the  authors'  data  with  those  of  other  investigations,  the  age  rela- 
tionships will  be  presented  in  a  third  section,  together  with  some  ma- 
terial regarding  postural  and  locomotor  factors. 

PRELIMINARY  EXPERIMENT" 

Prior  to  the  recording  of  protocols  relative  to  studies  of  the  relation- 
ships of  stimulating  factors  and  genetic  features  of  plantar  responses, 
a  preliminary  study  was  made  with  the  use  of  the  moving  picture  tech- 
nique. The  object  of  this  study  was  (1)  to  determine  the  advisability 
of  using  the  technique  throughout  the  study  and  (2)  to  determine 
whether  the  results  of  a  detailed  analysis  by  viewing  and  reviewing 
the  conditions  would  be  of  more  significance  than  those  obtained  under 
ordinary  clinical  conditions. 

Fifteen  infants  aged  one  to  ten  days  were  used  in  the  study.  Each 
infant  was  stimulated  from  twelve  to  fourteen  times  so  as  to  include 
stimuli  under  these  conditions:  direction  of  stroke,  heel  to  toe  or  toe 
to  heel;  area  stroked,  midline,  internal,  or  external  borders;  pressure, 
approximately  10  and  100  grams.  One  individual  stimulated  the 
subjects;^*  the  other  photographed  them. 


13The   substance   of    this   experiment   was    reporteci    by    one   of    the   authors   at    the    Des   Moines   meeting 
of    the    Iowa    Academy    of   Science,    1934. 

140n   page   79-81    is  given    the   standardizaticm   of   stimulating    technique. 
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In  an  effort  to  study  possible  variables  due  to  judgments  of  response, 
the  following  judgment  technique  was  used: 

1.  Each  of  two  observers  judged  every  response  for  the  element  of  extension 
of  toes.  The  pictures  were  then  reprojected,  and  a  similar  procedure 
was  followed  for  flexion  of  toes,  ankle  extension  and  flexion,  ankle  rota- 
tion, and  withdrawal  responses. 

2.  After  individual  judgments  had  been  secured,  the  observers  went  over 
the  film  for  each  of  these  responses,  and  then  repeated  the  performance 
;intil  an  agreement  was  reached  for  each  element  of  each  response. 
The  responses  so  judged  were  called  for  the  sake  of  convenience  "specific 
responses." 

3.  After  these  "specific  responses"  had  been  judged  and  agreed  upon,  an 
attempt  was  made  to  duplicate  the  actual  clinical  condition.  The  film 
was  run  through  once  for  each  observer,  and  he  was  asked  to  judge 
whether  the  response  was  a  pattern  of  extension,  flexion,  mixed  type, 
or  no  response.   The  responses  so  judged  were  called  "pattern  responses." 

The  observers  agreed  in  their  judgments  of  specific  responses  as  fol- 
lows: toe  flexion,  87.0  per  cent;  ankle  rotation,  74.4  per  cent;  toe 
extension.  71.5  per  cent;  ankle  extension  or  flexion,  66.4  per  cent. 
Agreement  in  the  case  of  judgments  of  pattern  responses  occurred  in 
but  55.8  per  cent  of  the  cases. 

The  agreement  judgments  of  specific  responses  were  then  pooled  to 
give  a  composite  picture  for  each  response  to  stimulation.  For  ex- 
ample, if  the  total  picture  contained  extension  only,  it  was  called  ex- 
tension; if  extension  and  flexion,  it  was  called  a  mixed  response;  and 
so  forth.  These  data  were  then  correlated  with  the  agreement  judg- 
ments of  pattern  responses.  Yule's  method  of  mean  square  contin- 
gency gave  a  coefficient  of  .840. 

It  thus  seemed  apparent  on  the  basis  of  these  results  that  in  judg- 
ing plantar  phenomena,  the  "aufgabe"  is  an  important  factor.  When 
a  single  element  such  as  extension  of  toes  is  sought  to  the  exclusion 
of  all  else,  results  thus  obtained  do  not  correspond  in  a  high  degree 
to  those  obtained  when  the  observer  is  asked  to  judge  a  pattern,  such 
as  one  of  extension  or  flexion,  etc. 

It  was  decided  to  abandon  the  use  of  the  motion  picture  technique, 
since  the  purpose  of  this  study  of  plantar  phenomena  is  essentially 
clinical.  It  was  felt  that  every  attempt  should  be  made  to  duplicate 
actual  clinical  conditions  in  obtaining  all  responses.  Comparisons 
of  the  authors'  results  with  those  of  other  studies  of  a  clinical  nature 
would  thus  be  more  readily  facilitated. 

MAIN  EXPERIMENT 
Technique 
An  attempt  was  made,  of  course,  to  standardize  stimulating  condi- 
tions as  much  as  possible.     An  instrument  so  calibrated  as  to  give  an 
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Figure  5.     Stimulating  Instrument.    A:   Barrel  Containing  Spring  and  Pointer 
Attached  to  Plunger,  Calibrated  on  the  Indicated  Surface  for  Pressure  in  Grams 

approximate  index  of  pressure  was  used  throughout  the  study.  It 
consisted  of  a  lever  pointer  fastened  to  a  handle  and  enclosed  within 
a  frame.  (Figure  5).  Within  the  frame  could  be  screwed  any  one 
of  three  barrels  containing  springs.  On  these  barrels  was  the  cali- 
bration for  pressure.  The  springs  registered  pressures  within  the  fol- 
lowing three  ranges:  2  to  20  grams.  18  to  70  grams,  and  50  to  130 
grams. 

Since  it  was  desirable  for  one  experimenter  to  do  the  stimulating 
and  the  other  the  recording,  the  following  method  of  establishing  the 
reliability  of  the  instrument  was  used.  A  range  of  twice  the  square 
root  of  the  desired  pressure  was  used  as  a  convenient  range  within 
which  to  stimulate.  Thus  for  the  following  seven  pressures,  these 
ranges  were  arbitrarily  established: 


'ressure 
Grams 

Double 
V  Pressure 

Range 

Approximate 
Range 

V  Pressure 

5 

2.24 

4.48 

2.8  to       7.2 

3  to       7 

10 

3.16 

6.32 

6.8  to     13.2 

7  to     13 

25 

5.00 

10.00 

20.0  to     30.0 

20  to     30 

50 

17.07 

14.14 

42.9  to     57.1 

43  to     57 

70 

8.37 

16.74 

61.6  to     78.4 

62  to     78 

100 

10.00 

20.00 

90.0  to  100.0 

90  to  100 

130 

11.40 

22.80 

118.6  to  141.4 

119  to  141 
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Each  experimenter  observed  the  instrument  during  a  course  of  trial 
stimulations,  reporting  separately  whether  or  not  the  indicator  on  the 
barrel  remained  within  the  range  established  for  each  of  the  seven 
pressures.     The  following  results  were  obtained: 


Pressure, 

Stimula- 

Per Cent 

Grams 

tions 

Agreements 

Agreement 

5 

71 

68 

95.8 

10 

71 

69 

97.3 

25 

72 

71 

98.6 

50 

72 

67 

93.0 

70 

72 

67 

93.0 

100 

72 

68 

94.5 

130 

70 

69 

98.6 

Total 

500 

479 

95.8 

These  figures,  giving  percentages  of  error  from  1.4  to  7.0,  seemed 
sufficient  to  warrant  experimentation  requiring  but  one  observer  to 
watch  the  instrument  while  stimulating. 

Other  features  of  the  experimental  situation,  such  as  original  posi- 
tion of  the  toes,  area  stroked,  time  interval  between  stimuli,  etc.,  were 
agreed  upon  by  both  observers,  or  the  response  was  not  recorded. 

All  responses  were  noted  separately  by  the  two  observers.  The 
results  and  reliabilitv  of  this  technique  will  be  discussed  under  the 
heading  of  judgments  of  response. 

Subjects 

Children  used  in  the  experiments  reported  throughout  this  mono- 
graph were  obtained  from  five  sources:  the  nursery  in  the  maternity 
ward  of  the  State  University  of  Iowa  Hospital,  the  preschool  and  in- 
fant laboratories  of  the  Iowa  Child  Welfare  Research  Station,  the 
Iowa  Soldiers"  Orphans'  Home  at  Davenport,  Iowa,  and  private  homes. 
The  data  with  respect  to  source,  sex,  age,  and  condition  are  as  follows: 


Source 

Age  Range 

Male 

Female 

Asleep 

Awake 

Tota 

Hospital 

0  to  12  days 

46 

51 

56 

41 

97 

Infant  Laboratory 

1   to  39  months 

34 

28 

0 

62 

62 

Preschool 
Laboratory 

22  to  66  months 

30 

13 

0 

43 

43 

Orphans'  Home 

1  to  56  months 

23 

34 

0 

57 

57 

Homes 
Total 

3  to  43  months 
0  to  66  months 

4 
137 

1 
127 

0 
56 

5 
208 

5 
264 
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Results 

Throughout  all  experiments  responses  were  judged  as  being  in  one 
of  seven  categories: 

1.  Extension  of  all  toes 

2.  Extension  of  great  toe  alone 

3.  Extension  of  any  or  all  of  four  smaller  toes 

4.  Flexion  of  any  or  all  toes 

5.  Mixed  response   (Extension  following  or  followed  by  flexion) 

6.  No  response 

7.  Uncertain  response 

Figure  6  will  illustrate  the  responses  as  mentioned  above. 


Figure  6.  Types  of  Plantar  Responses.  A:  Extension  of  All  Toes;  B:  Isolated 
Extension  of  the  Great  Toe:  C:  Extension  of  Any  or  All  of  Four  Smaller  Toes: 
D:  Flexion  of  Toes.  (The  other  types  of  response  are  not  illustrated  since  mixed 
response  is  a  temporal  fluctuation  of  the  patterns  illustrated  in  A,  B,  C,  and  D, 
and  uncertain  response  is  any  response  which  could  not  be  clearly  perceived  and 
judged.) 

It  appeared  to  the  authors  that  not  only  an  investigation  of  the  re- 
liability of  judgments  of  plantar  responses  but  also  an  analysis  of 
the  nature  of  disagreements  between  observers  might  help  in  answer- 
ing the  questions  arising  from  the  lack  of  agreement  among  other 
experimenters. 

Nowhere  in  the  literature  did  the  authors  find  a  study  involving 
judgments  by  more  than  one  observer,  except  in  the  study  by  Furfey, 
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Bonham,  and  Sargent  (46).  They  were  not  interested  in  the  plantar 
response  as  such,  and  reported  nothing  regarding  the  essential  re- 
liability on  that  test  beyond  a  coeflicient  indicating  degree  of  rela- 
tionship between  judgments  of  a  quantitative  type.  For  this  reason, 
analysis  of  the  judgments  of  two  observers  was  made  from  several 
angles:  (1)  Percentages  of  agreement  and  coefficients  of  mean  square 
contingency  were  obtained  for  each  experimental  group.  (2)  Per- 
centages of  agreement  for  each  type  of  response  were  obtained  and 
compared  with  those  of  other  responses.  (3)  The  significance  of  dif- 
ferences between  per  cents  of  responses  judged  by  two  observers  was 
determined  for  all  groups.  (4)  All  disagreements  were  analyzed  in 
an  attempt  to  determine  whether  or  not  constant  errors  of  disagree- 
ment peculiar  to  the  observer  might  be  operating  to  the  particular 
experimental  conditions,  etc. 

One  fact  of  interest  with  respect  to  this  whole  discussion  of  judg- 
ments should  be  mentioned  here.  Prior  to  the  recording  of  any  re- 
sults used  in  this  experiment,  the  authors,  who  acted  as  observers 
throughout,  went  through  a  course  of  training  in  the  judgment  of  re- 
sponses in  the  hope  that  they  might  reduce  the  possibility  of  disagree- 
ment. Literally  hundreds  of  responses,  both  in  motion  pictures  and  in 
the  actual  clinical  situation,  were  viewed  and  reviewed.  By  discussion 
between  them  of  all  phases  of  the  responses  noted  they  believed  that 
they  had  achieved  an  understanding  of  criteria  mutually  accepted. 
They  were  in  no  sense  untrained  observers,  therefore,  when  actual 
experimentation  was  begun. " 

Percentages  of  Agreement  and  Coefficient  of  Contingency 

Tables  15,  16,  and  17  in  the  Appendix  present  the  data  for  all 
groups.  Table  10  represents  the  percentages  of  agreement  for  each 
type  of  response  for  each  group,  together  with  the  coefficients  of  con- 
tingency for  the  judgments  of  two  observers  and  the  percentages  of 
agreement  for  the  various  groups.  There  are  no  significant  differences 
between  any  of  the  groups  in  percentage  of  agreement  between  ob- 
servers in  the  age,  pressure,  direction  of  stroke  experiments,  etc.  That 
is,  agreement  was  not  significantly  higher  in  judging  all  types  of  re- 
sponse in  the  case  of  older  children  than  in  the  case  of  newborn  in- 
fants or  in  the  cases  of  nonpostural  groups  as  opposed  to  locomotor, 
etc.  As  will  be  seen  in  Table  10,  the  coefficients  of  contingency  of 
judgments  of  two  observers  ranged  from  .81  to  .91,  grouping  largely 
about  .86.     For  all  judgments  the  coefficient  is  .857. 
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There  is  found,  therefore,  a  consistent  though  fairly  low  degree  of 
relationship  between  judgments  for  all  groups.  These  facts  are  brought 
out  also  by  a  consideration  of  the  percentages  of  agreement  for  each 
group,  which,  as  Table  10  shows,  range  from  65.5  to  92.4  and  group 
about  75.     The  percentage  of  agreement  for  all  judgments  was  77.1. 


Percentages  of  Agreement  for  Types  of  Responses 

The  percentages  of  agreement  for  each  type  of  response  were  ob- 
tained by  calculating  the  ratio  of  agreements  to  the  number  of  judg- 
ments of  that  type  and  multiplying  by  100.  For  example,  if  Observer 
0  judged  forty  extensor  responses,  and  Observer  T  judged  sixty  and 
they  agreed  on  but  thirty  of  these,  the  percentage  of  agreement  would 
be  60+40  X  100  or  33.3  per  cent.     In  most  cases  the  number  of  judg- 

30 
ments  was  too  low  to  permit  determination  of  significance  of  differ- 
ences between  groups  isolated  for  pressure,  stroke,  etc.    The  following 
data  were  obtained  in  an  analysis  of  the  differences  in  the  percentage 
of  agreement  for  all  responses: 


Percentage 

Higher 

Suggestively  Lower 

Significantly  Li 

ower 

Response 

Per 
Cent 

Response 

Per 

Cent 

Response 
Mixed 

Per 

Cent 

44.1 

No  Response 
Extension 

73.1 
71.7 

Flexion 

60.3 

Extension, 
Smaller  Toes 

Uncertain 

32.0 
29.6 

Extension, 

Mixed 

44.1 

Great  Toe 

60.8 

Extension, 

Uncertain 

29.6 

Flexion 

60.3 

Smaller  Toes 

32.0 

Mixed 

44.1 

Uncertain 

29.6 

The  percentages  of  agreement  for  no  response  and  for  extension  of 
all  toes  are  found  to  be  significantly  higher  than  those  for  uncertain, 
extension  of  smaller  toes,  and  mixed  response  and  suggestively  higher 
than  for  flexion.  Extension  of  the  great  toe  and  flexion  are  agreed  upon 
significantly  more  frequently  than  is  the  uncertain  judgment,  and 
suggestively  more  so  than  are  the  judgments  of  extension  of  the  smaller 
toes  and  mixed  response. 

In  the  age  groups  (Table  16)  the  percentage  of  agreement  for  ex- 
tension tends  to  become  lower  in  the  older  groups,  while  that  for  no 
response  becomes  higher.  On  pages  104-109  the  evidence  for  the  re- 
lationships between  age  and  frequencies  of  response  will  be  reviewed. 
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It  is  sufficient  to  say  here  that  extensor  responses  tend  to  diminish 
with  age.  as  do  all  responses  (100  per  cent  minus  percentage  of  no 
response).  The  suggestion  that  percentage  of  agreement  with  respect 
to  a  particular  response  might  somehow  be  related  to  the  frequency 
of  that  response  was  verified  by  correlating  the  frequency  percentage 
of  each  response  with  its  agreement  percentage.  Since  the  number  of 
exclusive  groups  of  children  was  small  (fifteen)  and  since  this  num- 
ber was  limited  if  for  certain  groups  there  were  not  judgments  of  a 
particular  type,  the  rank  method  of  correlation  was  used.  The  fol- 
lowing results  on  all  judgments  were  obtained: 


Per 

Cent 

Response 

Fre- 
quency 

Agree- 
ment 

Correlation 

Extension 

40.0 

71.7 

.15  ±   .18 

Extension,   Great 

Toe 

5.3 

60.8 

.51   ±   .14 

Extension,  Smaller  Toes 

1.4 

32.0 

.84  ±  .06 

Flexion 

12.0 

60.3 

.83  ±   .06 

Mixed 

7.7 

44.1 

.53  ±  .13 

No  Response 

29.3 

73.1 

-.05  ±  .18 

Uncertain 

3.3 

27.6 

.86  ±   .06 

It  is  seen,  therefore,  that  in  the  cases  of  judgments  of  extension  of 
smaller  toes,  flexion,  and  uncertain  response  percentage  of  agreement 
seems  to  be  related  to  frequency  to  some  extent.  It  is  not  at  all  re- 
lated in  the  cases  of  extension  of  all  toes  and  no  response.  In  other 
words,  the  accuracy  of  judgment  is  definitely  low  for  infrequent  re- 
sponses, such  as  uncertain  and  extension  of  smaller  toes,  but  is  not 
related  to  the  more  frequent  responses,  such  as  extension  of  all  toes 
and  no  response.  Thus,  two  observers  tend  definitely  to  disagree  on 
infrequently  occurring  responses.  However,  the  converse  is  not  true; 
they  do  not  tend  necessarily  to  agree  on  frequently  occurring  responses. 

It  should  be  mentioned  that  the  correlation  between  frequency  of 
responses  judged  and  percentage  of  agreement  between  observers  for 
that  response  might  be  a  spurious  one.  since  observers  might  tend  to 
report  responses  to  a  greater  extent  upon  which  they  were  able  to 
agree.  The  results  of  correlating  these  indices  of  frequency  and 
of  agreement  are  not  sufficiently  high  to  suggest  that  interpretation, 
however. 

Differences  Between  Frequency  Percentages 

In  Tables  15,  16.  and  17  are  given  the  percentages  of  each  response 
reported  by  each  observer,  the  differences  between  the  observers,  the 
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mean  frequency  percentage  (obtained  by  calculating  the  percentage  of 
all  responses  represented  by  the  mean  frequencies  of  two  observers) , 
and  the  percentage  of  total  responses  agreed  upon  represented  by  the 
frequency  of  agreements  for  that  response  and  group.  In  this  way  a 
comparison  between  observers  is  afforded. 

An  examination  of  Tables  15,  16,  and  17  (Appendix)  will  indicate 
that  the  differences  between  observers  in  percentages  of  responses  in 
various  groups  are  not  sufficiently  large  to  be  significant.  This  is  also 
true  for  the  calculations  based  upon  all  judgments.  (Table  17.  Ap- 
pendix) There  is  a  fairly  consistent  tendency  for  Observer  0  to  report 
a  higher  percentage  of  no  response  and  for  Observer  T  to  report  a 
consistently  higher  percentage  of  uncertain  judgments. 

Tables  15,  16,  and  17  in  the  Appendix  also  give  an  indication  of 
whether  or  not  a  tendency  or  tendencies  to  specific  types  of  agreement 
might  tend  to  distort  the  distributions  of  responses.  If,  for  example, 
there  should  be  an  unusual  tendency  to  agree  upon  extension  of  all 
toes,  it  is  important  to  know  whether  this  would  show  up  to  an  ab- 
normal degree  in  a  distribution  of  responses  based  only  upon  judg- 
ments agreed  upon  by  the  two  observers.  In  order  to  test  this,  the 
mean  frequency  is  given  for  the  sake  of  comparison  with  the  agree- 
ment frequency.  Differences  between  these  two  frequencies  are  no- 
where significant,  although  there  is  a  consistent  tendency  for  extension 
of  all  toes  and  for  no  response  to  be  higher  in  agreement  and  for  un- 

Table  11 
Percentage  of  Disagreements  for  Each  Response  Involving  Any  Other  Response 


Response 

U5 

-a 

3 

Response 

_5 
c 

Extension, 
Great  Toe 

Extension, 

Smaller 

Toes 

4) 

"3 
<U 

O 
C 

o 

Uncertain 

Extension 

92 

10.9 

13.0 

5.4 

34.8 

19.6 

16.3 

Extension, 

Great  Toe 

20 

50.0 

0.0 

10.0 

5.0 

20.0 

15.0 

Extension, 

Smaller  Toes 

16 

75.0 

0.0 

6.3 

6.3 

6.3 

6.3 

Flexion 

45 

11.1 

4.4 

2.2 

31.2 

35.6 

15.5 

Mixed 

57 

56.1 

1.8 

1.8 

23.5 

■  7.0 

8.8 

No  Response 

62 

29.0 

6.5 

1.6 

25.8 

6.5 

30.6 

Uncertain 

50 

30.0 

6.0 

2.0 

14.0 

10.0 

38.0 

Total 

342 

26.9 

5.8 

4.7 

13.2 

16.7 

18.1 

14.6 
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certain  and  extension  of  smaller  toes  to  be  consistently  lower.  This 
fact  should  be  kept  in  mind  in  comparing  the  data  here  set  forth  with 
results  reported   in   the   literature  where  only   one  observer   reported. 

Analysis  of  Disagreements 

A  closer  examination  of  the  disagreements  was  made  in  the  follow- 
ing way:  All  disagreeing  judgments  of  a  particular  type  of  response, 
such  as  extension  of  all  toes,  were  classified  according  to  the  judg- 
ment with  which  it  disagreed,  such  as  flexion,  etc.  Percentages  of 
types  of  disagreement  were  thus  calculated.  These  data  are  presented 
in  Table  11.  Reading  across  the  first  row  it  may  be  seen  that  of  the 
disagreeing  judgments  on  extension  of  all  toes  10.9  per  cent  were 
with  extension  of  the  great  toe,  13  per  cent  were  with  extension  of 
smaller  toes,  5.4  per  cent  with  flexion,  34.8  per  cent  with  no  re- 
sponse, etc. 

It  will  be  seen  in  Table  11  that  the  most  common  errors  of  dis- 
agreement are  as  follows: 

Extension  of  all  toes  with  mixed  response 
Extension  of  the  great  toe  as  extension  of  all  toes 
Extension  of  the  smaller  toes  as  extension  of  all  toes 
Flexion  as  mixed  response  or  as  no  response 
Mixed  response  as  extension 
No  response  as  extension,  flexion  or  uncertain 
Uncertain  as  extension  or  no  response 

The  differences  between  observers  in  making  these  disagreements 
are  indicated  by  the  following  percentages  of  type  judgments: 

Type  of  Disagreement 

Extension  With  Mixed  Response 

Extension,  Great  Toes  With  Extension 

Extension,  Smaller  Toes  With  Extension 

Flexion  With  Mixed  Response 

Flexion  With  No  Response 

Mixed  Response  With  Extension 

No  Response  With  Extension 

No  Response  With  Flexion 

No  Response  With  Uncertain  Response 

Uncertain  Response  With  Extension 

Uncertain  Response  With  No  Response 

It  is  seen  that  Observer  0  tends  noticeably  to  judge  extension  when 
Observer  T  judges  mixed  response,  and  to  report  no  response  when 
Observer  T  reports  uncertain.  Observer  T  tends  to  report  flexion  or 
uncertain  when  Observer  0  reports  no  response.     The  mixed  response 


0 

T 

42.1 

29.6 

57.1 

33.3 

69.2 

100.0 

27.8 

33.3 

22.2 

44.5 

57.2 

55.4 

27.0 

35.6 

25.0 

28.5 

35.4 

14.3 

41.6 

26.4 

16.7 

44.7 
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reports  on  the  part  of  each  observer  are  likely  to  be  called  extension 
on  the  part  of  the  other  observer. 

Summary 
As  the  result  of  a  study  of  factors  of  reliability  in  the  judgment  of 
two   observers  of  plantar  responses  elicited  under  various  conditions 
of   stimulation   from   various   groups   of   infants  and   young   children, 
the  findings  may  be  summarized  as  follows: 

1.  Two  observers  agreed  in  their  judgment  of  plantar  responses  in  about  77 
per  cent  of  all  judgments.  Percentages  of  agreement  for  various  groups,  segre- 
gated for  stimulating  conditions,  for  age,  etc.  ranged  from  65  to  92  per  cent. 
Coefficients  of  mean  square  contingency  expressing  degree  of  relationship  between 
the  judgments  of  two  observers  ranged  from  .81  to  .91:  that  for  all  judgments 
was  .86.  No  direct  relationship  between  amount  of  agreement  and  type  of  group 
(that  is,  as  standers,  walkers,  etc.)   was  indicated. 

2.  The  percentages  of  agreement  for  various  responses  were  as  follows:  no 
response  73  per  cent,  extension  of  all  toes  72  per  cent,  extension  of  the  great  toe 
61  per  cent,  flexion  60  per  cent,  mixed  response  44  per  cent,  extension  of  any  or 
all  of  smaller  toes  32  per  cent,  and  uncertain  30  per  cent.  Agreement  in  the  cases 
of  no  response  and  of  extension  of  all  toes  is  significantly  higher  than  for  uncertain, 
extension  of  smaller  toes,  and  mixed  response;  it  is  suggestively  higher  than  in 
the  case  of  flexion.  Agreement  in  the  cases  of  flexion  and  extension  of  the  great 
toe  is  significantly  higher  than  for  uncertain,  and  suggestively  higher  than  for 
extension  of  smaller  toes  and  mixed  response. 

3.  Accuracy  of  judgment  as  expressed  by  percentage  of  agreement  is  low  for 
infrequent  types  of  response,  such  as  uncertain  and  extension  of  smaller  toes, 
but  it  is  not  necessarily  higher  for  more  frequent  types  of  judgment,  such  as 
extension  of  all  toes  and  no  response. 

4.  No  significant  differences  between  the  two  observers  were  found  for  the 
frequency  of  responses  noted  in  various  experimental  groups  or  in  the  group  of 
all  judgments  combined.  There  was  a  suggestive  tendency  for  one  observer  to  re- 
port an  excess  of  no  response,  while  the  other  reported  an  excess  of  uncertain. 

5.  When  only  agreements  are  used  in  determining  frequency  of  responses,  it 
is  found  that  the  percentages  of  no  response  and  of  extension  of  all  toes  were 
consistently  higher  than  they  were  in  the  frequencies  calculated  as  means  of  the 
individual  judgments  of  two  observers.  Judgments  of  uncertain  and  of  extension 
of  the  smaller  toes  tend  contrariwise  to  be  consistently  lower.  Differences  between 
the  percentages,  however,  are  statistically  insignificant. 

6.  An  analysis  of  the  nature  of  disagreements  showed  a  tendency  for  no 
response  to  be  most  frequently  judged  uncertain  response  by  the  other  observer, 
and  for  extension  of  the  great  toe  and  extension  of  smaller  toes  to  be  judged 
extension  of  all  toes. 

We  might  conclude  from  these  results  that,  although  two  observers 
tend  on  the  whole  to  agree  in  the  majority  of  judgments,  the  nature 
of  their  disagreements  strongly  indicates  the  potency  of  a  personal 
factor  which  might  well  be  checked  by  the  use  of  a  second  observer. 


CHAPTER  IV 

STIMULATORY  CONDITIONS  AFFECTING  PLANTAR 
RESPONSES  IN  NEWBORN  INFANTS 

PRELIMINARY  EXPERIMENT 

In  the  experiment  involving  the  use  of  the  motion  picture  technique 
referred  to  on  pages  78-79,  no  differences  between  methods  of  stimula- 
tion were  noted.  Because  of  the  small  number  of  cases,  the  limited 
number  of  pressures  used,  and  the  fact  that  all  conditions  were  not 
standard  while  one  variable  was  observed,  the  following  studies  were 
made. 

EXPERIMENT  ON  PLANTAR  RESPONSES  IN  RELATION 
TO  PRESTIMULATORY  POSITION  OF  THE  TOES 

In  an  attempt  to  determine  whether  or  not  tonic  factors,  as  implied 
by  extended  or  flexed  positions  of  the  toes  prior  to  stimulation,  might 
affect  the  nature  of  the  responses  elicited,  three  stimuli  were  applied 
under  various  conditions  to  a  group  of  newborns:  (1)  when  the  toes 
were  judged  by  two  observers  to  be  in  "normal"  position,  neither  ex- 
tended nor  flexed:  (2)  when  the  toes  were  judged  to  be  extended; 
(3)  when  the  toes  were  judged  to  be  flexed.  A  group  of  thirty-nine 
newborn  infants  was  used  ranging  in  age  from  one  to  twelve  days, 
both  asleep  and  awake. 

Table  15  presents  the  distribution  of  responses  in  percentages  for 
each  observer,  the  difference  between  them,  the  mean  percentage  of 
each  observer,  the  agreement  percentages,  and  the  differences  between 
mean  and  agreement  percentages. 

Table  12  presents  the  agreement  data  for  each  of  the  groups.^^  In 
the  last  three  columns  of  Table  12  classifications  of  judgments  of  re- 
sponse have  been  combined  in  various  ways,  as  will  be  explained  in 
the  context. 

Results 

Differences  Disregarding  ''Return  to  Normal'  Response 

The  last  three  rows  in  Table  12  present  the  differences  between  the 
control    group    (toes    originally    judged    to    be    in    an    atonic    normal 

lolt   will   be   noticed   that   there   is  an   additional   judgment   type   for   the   flexed   and   extended   groups 
which   is  **return   to  normal"   position. 
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state)  and  each  of  the  other  groups,  as  well  as  between  the  latter  two. 
Differences  between  the  groups  for  extension  of  the  great  toe.  exten- 
sion of  smaller  toes,  mixed  response,  and  uncertain  are  insignificant 
throughout.  It  is  interesting  to  note  that,  although  differences  are 
not  statistically  significant,  in  the  cases  of  extension  of  all  toes,  flexion, 
and  no  response,  (1)  extension  of  all  toes  is  for  all  groups  the  most 
frequent  response  and  (2)  most  extension  and  total  responses  are 
shown  by  the  control  group.  Most  flexion  is  shown  by  the  prestimu- 
latory  extension  group. 

An  interesting  comparison  is  afforded  by  determining  the  difference 
between  the  amount  of  extension  when  toes  are  originally  flexed  (46.1 
per  cent,  standard  error  8.5)  and  the  amount  of  flexion  when  toes 
are  originally  extended  (22.2  per  cent,  standard  error  6.9).  The 
difference  here  is  23.9.  standard  error  11.0.  favoring  the  extension 
when  toes  are  flexed.  It  would  seem  that  there  was  a  greater  tendency 
for  the  toes  to  extend  when  they  were  originally  flexed  if  it  were  not 
for  the  high  ratio  of  extension  to  flexion  in  the  control  group.  This 
ratio  is  about  4  to  1 ;  the  ratio  of  extension  when  toes  are  flexed  to 
flexion  when  toes  are  extended  is  about  2  to  1  (46.1  to  22.2). 

If  the  amount  of  flexion  when  toes  are  extended  ( 22.2  per  cent )  is 
compared  to  the  amount  of  flexion  in  the  control  group  (12.5  per 
cent),  an  increase  of  9.7  per  cent,  standard  error  9.1,  is  found.  If  the 
amount  of  extension  when  toes  are  flexed  (46.1  per  cent)  is  compared 
to  the  amount  in  the  control  group  (53.1  per  cent),  a  decrease  in  ex- 
tension of  7.0  per  cent,  standard  error  12.2,  is  found.  The  difference 
over  the  control  situation  between  the  increase  in  flexion  when  toes 
are  extended  and  the  decrease  in  extension  when  toes  are  flexed  is 
(6.6  per  cent  +  9.7  per  cent)  16.3  per  cent,  standard  error  15.0. 
These  differences  throughout  are  not  highly  significant  statistically, 
but  they  do  aid  in  avoiding  error  of  interpretation. 

Differences  When  Return  to  Normal  Is  No  Response 

When  the  return  to  normal  position  is  counted  in  with  no  response, 
no  significant  differences  appear  between  groups. 

Differences  When  Response  in  Direction  of  Original 
Position  Is  Totaled  with  No  Response 

Response  in  the  direction  of  the  original  position  of  the  toes  was 
totaled  with  no  response  in  order  to  see  if  differences  would  be  more 
apparent.     Thus,  under  conditions  of  original  toe  extension,  extension 
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of  all  toes  was  counted  in  with  no  response,  or  with  toes  flexed,  flexions 
were  counted  as  no  response. 

If  no  response  in  the  control  group  is  compared  with  no  response 
plus  the  reaction  in  the  direction  of  the  prestimulatory  position  of  the 
toes,  the  significant  decrease  (36.6  per  cent,  standard  error  1L2)  is 
found  in  response  when  toes  are  originally  extended,  and  only  a  very 
slight  decrease  (7.7  per  cent,  standard  error  10.9)  when  they  are 
originally  flexed,  the  latter  being  insignificant.  The  diff^erence  be- 
tween toes  when  extended  (giving  either  no  response  or  further  ex- 
tending) and  toes  when  flexed  (either  remaining  in  flexion  or  giving 
no  response)  is  28.9  per  cent,  standard  error  11.3.  This  is  a  fairly 
significant  diff"erence  favoring  the  group  of  toes  originally  extended. 
Extended  toes   tend  to   remain  in   position   more  than   do   flexed  toes. 

Differences  When  Return  to  Normal  Is  Included  with 
Response  Opposite  to  Original  Position 

The  combination  of  return  to  normal  response  and  opposite  to  origi- 
nal position  response  was  immediately  suggested  by  the  nature  of  the 
reaction  classified  as  return  to  normal.  In  the  case  of  the  prestimu- 
latory extension  this  reaction  would,  of  course,  be  in  the  direction  of 
flexion  and  vice  versa. 

A  comparison  of  flexion  of  toes  under  controlled  conditions  (12.5 
per  cent)  and  of  flexion  (as  either  flexion  per  se  or  a  return  from  ex- 
tension to  the  normal  position),  as  shown  by  the  group  whose  toes 
were  originally  extended  (33.3  per  cent),  yields  a  fairly  significant 
diff^erence  favoring  the  reaction  of  the  latter  group.  It  would  seem, 
therefore,  that  flexor  responses  are  more  frequent  when  the  toes  are 
extended. 

A  like  comparison  for  extension  with  the  group  whose  toes  were 
originally  flexed  shows  no  difference  at  all.  Reactions  of  return  to 
normal  plus  reactions  in  the  opposite  direction  are  more  frequent  by 
19.7  per  cent  when  toes  are  flexed  than  when  toes  are  extended.  This 
diff"erence.  although  sizeable,  is  of  doubtful  significance  (standard 
error  11.6).  It  should  be  noted  that  under  normal  conditions  there 
is  about  13  per  cent  flexion,  but  when  toes  are  originally  extended 
there  is  33  per  cent  if  all  flexor  responses  are  included.  However, 
both  when  conditions  are  normal  and  when  the  toes  are  originally 
flexed,  there  is  about  53  per  cent  extension  if  all  extensor  responses 
are  included. 


PLANTAR  RESPONSES  OF  INFANTS  95 

It  would  thus  appear  that  flexor  responses  are  augmented  in  fre- 
quency when  the  toes  are  extended  prior  to  stimulation,  hut  that  there 
is  no  increase  in  frequency  of  extension  when  toes  are  flexed  prior 
to  stimulation. 

This  material  may  be  expressed  somewhat  diflerciitl\  in  order  to 
bring  out  the  differences  between  the  ratios  of  extension  to  flexion 
under  various  conditions  of  prestimulatory  position  and  methods  of 
classifying  reactions  noted.  The  following  tabulation  shows  these 
differences: 


Original 

Ratio 

Quotie 

Position 

Toes  Normal 

Extension   to  Flexion 

4.2 

Extension  to  Flexion 

2.4 

Toes  Extended 

Extension  to  Flexion 

Plus  Return  to  Normal 

1.6 

Extension   to   Flexion 

3.1 

Toes  Flexed 

Extension  Plus  Return 

to 

Normal  to  Flexion 

3.6 

It  would  appear  from  the  above  data  that  nowhere  is  the  amount 
of  extension  in  proportion  to  the  amount  of  flexion  as  high  as  it  is  in 
the  case  of  the  control  group  whose  toes  were  in  the  normal  position. 
There  is  most  flexion  in  proportion  to  extension  when  the  toes  are 
originally  extended  and  returns  to  normal  are  or  are  not  counted  in 
with  flexions.  When  the  toes  are  flexed,  however,  there  is  less  exten- 
sion than  when  toes  are  in  the  normal  position. 

EXPERIMENT  ON  PLANTAR  RESPONSES  IN  RELATION 
TO  DIRECTION  OF  STROKE  OF  STIMULUS 

A  group  of  thirty-four  infants  of  both  sexes  ranging  in  age  from 
zero  to  twelve  days,  both  asleep  and  awake,  were  stimulated  in  two 
ways:  (1)  under  standard  conditions  of  25  grams  pressure  from  heel 
to  toe  along  the  midline  of  the  plantar  surface  and  (2)  with  a  like 
pressure  along  the  midline  but  from  toe  to  heel.  Data  of  individual 
observers,  mean  data,  and  agreement  data  are  presented  in  Table  15. 
The  agreement  percentages  are  presented  in  the  following  tabulation 
which  compares  the  frequency  percentages  of  all  types  of  response. 
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Per 

Cent 

Difference 

Heel 

Toe 

Per 

Standard 

to  Toe* 

to  Heel 

Cent 

Error 

52.0 

51.7 

0.3 

13.3 

0.0 

6.9 

6.9 

4.7 

3.7 

3.5 

0.2 

5.3 

14.8 

13.8 

1.0 

9.4 

7.4 

6.9 

0.5 

6.8 

22.1 

17.2 

4.9 

10.6 

0.0 

0.0 

0.0 

0.0 

Response 

Extension 

Extension,  Great   Toe 

Extension,  Smaller  Toes 

Flexion 

Mixed 

No  Response 

Uncertain 

*  Control  Group 

It  may  be  seen  from  the  above  data  that  there  are  no  significant 
differences  between  the  groups  segregated  for  direction  of  stroke.  One 
difference,  that  favoring  the  toe  to  heel  group  for  extension  of  the 
great  toe,  has  a  critical  ratio  of  1.5. 

From  these  results  it  may  be  concluded  that  newborn  infants  do 
not  tend  to  respond  differentially  to  the  direction  of  stroke  of  the 
plantar  surface  when  pressure  and  area  are  held  constant. 


EXPERIMENT  ON  PLANTAR  RESPONSES  IN  RELATION 
TO  AREA  OF  STROKE  OF  STIMULUS 

With  the  group  of  thirty-four  infants  used  in  the  experiment  for 
direction  of  stroke,  three  additional  stimuli  were  applied  at  standard 
25  grams  pressure  and  compared  with  the  heel-to-toe  midline  group 
as  a  control.  These  stimuli  were:  (1)  a  stroke  along  the  external 
border  from  heel  to  toe,  (2)  a  stroke  along  the  internal  border  from 
heel  to  toe,  and  (3)  a  stroke  along  the  external  border  from  heel  to 
toe  until  the  metatarsal  arch  was  reached  and  thence  across  the  ball 
of  the  foot  to  the  internal  border.  This  latter  stimulus  has  been  used 
and  recommended  by  Bersot  (11),  among  others. 

In  Table  15,  which  presents  data  of  observers,  the  mean  and  fre- 
quency percentages  for  all  pressures  are  given.  The  frequency  per- 
centages of  the  agreement  of  response  for  all  areas  of  stroke  groups 
are  as  follows: 


Mid- 

Exteiiial 

Internal 

Response 

line* 

Border 

Border 

Bersot 

Extension 

52.0 

55.6 

34.6 

51.7 

Extension,  Great 

T 

oe 

0.0 

3.7 

3.8 

6.9 

Extension,  Smalli 

er 

Toes 

3.7 

3.7 

0.0 

0.0 

Flexion 

14.8 

18.5 

23.2 

17.2 

Mixed 

7.4 

0.0 

0.0 

3.5 

No  Response 

22.1 

18.5 

38.4 

20.7 

Uncertain 

0.0 

0.0 

0.0 

0.0 

*  Control  Group 
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The   differences   between   groups   for   separate   responses   which   have 
critical  ratios  of  1  or  over  follow: 


Response  Type  of 

Stimulation 

Midline  exceeds  internal 
Extension  External  exceeds  internal 

Bersot  exceeds  internal 
Extension,  Internal  exceeds  midline 

Great  Toe  Bersot  exceeds  midline 


Mixed 
All  Re- 


Midline  exceeds  external 
Midline  exceeds  internal 


Difference 

Standard 

r  Cent 

Error 

15.4 

13.4 

21.0 

13.4 

17.1 

13.2 

3.8 

3.8 

6.9 

4.7 

7.4 

4.9 

7.4 

4.9 

16.3 

12.4 

19.9 

12.1 

17.7 

12.2 

Midline  exceeds  internal 
External  exceeds  internal 
P     "  "  Bersot  exceeds  internal 

*100  per  cent  minus  per  cent  of  no  response 
It  will  be  seen  at  once  that  there  are  no  statistically  significant  dif- 
ferences between  groups.  The  clearest  differences  are  between  the 
stroke  along  the  internal  border  and  all  other  groups  (though  par- 
ticularly the  external  border  group),  favoring  the  other  groups  both 
for  extension  of  all  toes  and  for  all  responses.  The  control  group 
stimulated  along  the  midline  gave  slightly  less  of  the  extension  of  the 
great  toe  response  and  slightly  more  of  the  mixed  response. 

From  these  results  it  may  be  concluded  that  no  significant  difference 
appears  between  groups  of  newborn  infants  segregated  for  area  of 
plantar  stimulation.  There  is  a  slight  tendency  for  stimulation  along 
the  internal  border  to  produce  less  reaction  and  thus  less  of  the  pre- 
dominating reaction,  extension  of  all  toes. 

RELATIONSHIP  BETWEEN  PRESSURE  AND 
PLANTAR  RESPONSES^*' 

Mention  has  been  made  (see  pages  64-66  for  discussion)  of  studies 
which  have  taken  into  account  the  pressure  factor  in  plantar  phe- 
nomena, and  of  the  fact  that  most  authors  who  have  used  descriptive 
terminology  have  indicated  that  the  stimulus  should  be  "light"  since 
the  plantar  reflex  is  cutaneous  in  type.  As  the  result  of  some  prelimi- 
nary work,  the  authors  were  of  the  impression  that  the  two  pressures 
used  by  Waggoner  and  Ferguson  (106) — 80  grams  and  250  grams — 
might   well   be   great   enough   to   exceed   the   pressure   range   of   light 


16The   substance   of   this   experiment   was   reported   by   the   authors   at   the   New   York   meeting   of   the 
American   Psychological   Association,   September,    1934, 
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pressure  stimuli.  They  also  believed  that  perhaps  the  stimulus  of 
Pratt,  Nelson,  and  Sun  (87)  reported  as  approximately  5  grams  might 
be  by  comparison  extremely  light. 

Fifty-eight  infants  were  used  in  this  experiment,  thirty-one  males 
and  twenty-seven  females.  Twenty-two  infants  were  judged  to  be 
awake,  thirty  asleep,  and  six  both  awake  and  asleep  during  the  whole 
experiment.  Ages  ranged  from  one  to  eleven  days.  Six  pressures  were 
used:    5.  25.  50.  70,  100.  and  130  grams. 


Results 

The  coefficient  of  contingency  obtained  in  correlating  pressure  at 
5,  25,  50,  70,  100.  and  130  grams  with  plantar  responses  agreed  upon 
by  two  observers  was  .372,  indicating  no  relationship. 

In  Table  15  are  presented  the  percentages  of  response  for  the  pres- 
sure groups,  the  frequencies  of  each  observer,  their  mean  frequency, 
and  the  frequencies  represented  by  their  agreements  only.  Differences 
between  the  observers  for  each  response  and  between  the  mean  and 
agreement  frequencies  are  also  given. 

The  frequency  percentages  of  the  agreement  for  the  various  pressures 
are  presented  in  Table  13.  Only  the  data  with  respect  to  extension  of 
all  toes,  extension  of  the  great  toe.  flexion,  total  responses,  and  no 
response  are  given.  The  other  types  of  response  (extension  of  smaller 
toes  and  mixed  and  uncertain  responses)  have  been  totaled  in  a  group. 

Table  14 

Significance  of  Differences  Between  Maximum  and  ^VTinimum  Percentages  of 

Occurrence  of  Responses  Elicited  by  Various  Pressures 


Response 

Lowest 
Percentage 

Highest 
Percentage 

Difference 

■^  re 

£ 

CO 

o 

*-* 

c 

U 
u 

T3 

c  o 

O 

c 
u 

13 
a 

c  o 
B  t 

4-* 

c 

-a 

C3 

c  o 
5  C 

Extension 

25 

53.8      8.0 

5 

39.0      7.6 

14.8 

11.0 

1.3 

Extension, 

Great  Toe 

50 

15.8      5.9 

70 

2.3      2.1 

13.5 

6.3 

2.1 

Flexion 

25 

12.8      5.4 

5 

0.0      0.0 

12.8 

5.4 

2.4 

All  Responses 

25 

89.8      4.8 

5 

58.6      7.7 

31.2 

9.1 

3.5 

other  responses.  Table  14  presents  the  significance  of  differences  be- 
tween the  maximum  percentage  of  frequency  of  each  response  and 
the  minimum  percentages,  as  well  as  the  pressure  at  which  they  occur. 
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It  is  clear  from  Tables  13  and  14  that  there  are  no  significant  differ- 
ences between  the  frequency  of  extension  of  all  toes,  and  that  the 
maximum  differences  between  pressures  in  calling  out  extension  of 
the  great  toe  and  flexion  of  toes  have  critical  ratios  of  but  slightly 
more  than  2.  In  the  case  of  total  responses,  however,  the  amount 
called  out  at  25  grams  is  significantly  higher  than  that  called  out  at 
5  grams.  On  the  basis  of  this  fact,  a  more  careful  investigation  into 
the  differences  between  pressures  in  calling  out  all  responses  was  made. 
The  critical  ratios  for  differences  from  the  maximum  and  minimum 
percentages  are  given  in  the  following  tabulation.^' 

Grams  Grams  All  Pres- 

5  100  70  130  50  25  sure* 

5  0.5  0.8  1.4  1.7  3.5  1.2 

25  3.5  2.8  2.6  1.9  1.6  2.1 

It  will  be  seen  from  the  above  tabulation  that  the  minimum  fre- 
quency of  response  occurring  at  5  grams  does  not  differ  significantly 
from  the  frequencies  at  all  other  pressures,  except  at  25  grams.  The 
maximum  frequency  occurring  at  25  grams,  however,  not  only  differs 
significantly  from  that  at  5  grams,  but  tends  to  differ  from  that  at  100 
grams  and  from  that  at  70  grams.  The  indication  seems  to  be  that, 
of  all  pressures  used  in  this  study.  25  grams  is  an  optimal  pressure 
for  calling  out  plantar  responses  of  any  kind.  This  may  not  be  true 
for  calling  out  a  specific  plantar  response,  such  as  extension  of  all  toes. 

The  results  presented  in  Table  13  are  indicated  graphically  in  Fig- 
ure 7.  The  peak  of  occurrence  of  responses  is  well  illustrated  here  at 
25  grams.  The  curve  for  all  responses  tends  to  rise  to  that  peak  and 
then  to  fall  off  noticeably,  until  at  130  grams  it  again  is  rising.  The 
close  similarity  between  the  curves  for  all  responses  and  for  extension 
of  all  toes  is  also  interesting.  It  would  seem  that  the  pressure  differ- 
ential for  extension  of  all  toes,  though  of  little  significance  in  itself, 
does  follow  closely  that  for  all  responses,  which  is  of  some  signifi- 
cance. It  would  seem  fair  to  assume  from  these  results  that  whatever 
extension  of  all  toes  may  mean,  responses  of  any  sort  are  a  better 
index  of  the  same  thing. 

It  is  interesting  to  note  in  Table  13  and  in  Figure  7  that  there  ap- 
pear to  be  two  peaks  of  frequency  of  response  to  stimulation,  one 
occurring  at  25  grams  and  the  other  at  130  grams.  These  are  evi- 
dent to  a  lesser  degree  in  the  curves  for  extension  of  all  toes  and  for 
flexion.    The  possibility  naturally  comes  to  mind  that  these  peaks  may 


ITThe   pressures  are   arranged   in    the   decreasing   order   of   their   tendency   to    call    out    total    responses. 
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be  indicative  of  optima  for  light  pressure  or  cutaneous  stimulation 
in  the  case  of  the  25  grams  pressure,  and  of  deep  pressure  at  the  130 
grams  pressure.  This  conclusion  would,  of  course,  require  consider- 
able additional  evidence. 

SUMMARY 

Certain  conclusions  seem  evident  from  the  foregoing  discussion. 
Factors  in  the  conditions  under  which  stimulation  takes  place  seem  to 
influence  the  plantar  responses  of  newborns  as  follows: 

1.  When  the  toes  are  originally  flexed,  there  is  very  little  material  change  in 
the  frequency  of  responses  noted  as  long  as  they  are  in  normal  atonic  condition. 
When  they  are  originally  extended,  however,  there  appears  to  be  a  greater  amount 
of  flexion  if  all  flexor  movements  are  included. 

2.  The  direction  of  stroke  of  the  stimulus  does  not  vary  the  nature  of  re- 
sponses elicited. 

3.  Of  the  three  variations  in  method  of  stroking  the  plantar  surface — stroking 
the  external  border,  the  internal  border,  or  the  external  to  the  metatarsal  arch 
and  thence  across  the  base  of  the  arch  to  the  internal  border  (Bersot  method)  — 
only  stroking  the  internal  border  seems  to  vary  the  nature  of  responses.  This 
stimulation  calls  out  fewer  total  responses.  However,  the  difference  in  response 
is  of  slight  significance. 

4.  Of  six  pressures  used — 5,  25,  50,  70,  100,  and  130  grams — 25  grams  called 
out  significantly  greater  response  than  did  any  of  the  others.  No  differences  be- 
tween pressures  for  any  types  of  response  were  significant.  The  curve  of  all  re- 
sponses was  paralleled  by  that  of  extension  of  all  toes. 


CHAPTER  V 

DIFFERENCES  IN  PLANTAR  RESPONSES  OF  INFANTS 

AND  YOUNG  CHILDREN  DUE  TO  SEX,  SLEEP,  AGE, 

AND  POSTURO-LOCOMOTOR  BEHAVIOR 

SEX  DIFFERENCES 

Sex  differences  were  studied  by  using  a  group  of  ninety-seven  new- 
born infants,  both  asleep  and  awake,  ranging  in  age  from  one  to 
twelve  days.  Data  for  these  groups  are  presented  in  Table  16.  The 
frequency  percentages  of  agreement  and  the  differences  between  the 
groups  for  each  type  of  response  are  as  follows: 

Difference 


Response 

Per 
Male 

Cent 
Female 

Per 
Cent 

Standard 
Error 

Critical 
Ratio 

Extension 

61.3 

48.7 

12.6 

11.9 

1.1 

Extension, 
Great   Toe 

6.5 

2.6 

3.9 

5.3 

.7 

Extension, 
Smaller  Toes 

0.0 

2.6 

2.6 

2.7 

1.0 

Flexion 

9.7 

15.4 

5.7 

7.9 

.7 

Mixed 

6.5 

10.2 

3.7 

6.6 

.6 

No  Response 

12.9 

17.9 

5.0 

8.6 

.6 

Uncertain 

3.1 

2.6 

.5 

4.1 

.1 

It  will  be  seen  that  males  exceed  females  in  total  responses  (100 
per  cent  minus  per  cent  of  no  response)  and  consequently  in  extension. 
The  females  show  more  of  the  extension  of  smaller  toes,  flexion,  and 
mixed  response.  That  these  differences  are  of  doubtful  significance 
is  shown  by  their  critical  ratios,  which  exceed  one  only  in  extension 
of  all  toes  (favoring  males)  and  extension  of  the  four  smaller  toes 
(favoring  females). 

It  is  safe  to  conclude  that  this  group  of  newborn  infants  showed 
no  reliable  sex  differences. 

DIFFERENCES  BETWEEN  GROUPS  JUDGED  TO  BE 
AWAKE  AND  TO  BE  ASLEEP 

Table  16  presents  the  data  for  the  group  of  ninety-seven  newborns 
when  segregated  into  groups  judged  to  be  awake  or  asleep.  The  per- 
centage frequencies  of  agreement  for  the  groups  with  the  differences 
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for  each  response  and  the  significance  of  these  differences  expressed  in 
critical  ratios  are  as  follows: 


Difference 

Response 

Per  Cent 

Per 

Standard 

Critical 

Awake 

Asleep 

Cent 

Error 

Ratio 

Extension 

67.8 

43.7 

24.1 

11.5 

2.1 

Extension, 

Great  Toe 

3.2 

5.1 

1.9 

4.7 

.4 

Extension, 

Smaller  Toes 

0.0 

2.6 

2.6 

2.7 

1.0 

Flexion 

12.9 

12.8 

.1 

8.1 

0.0 

Mixed 

12.9 

5.1 

7.8 

6.9 

1.1 

No  Response 

3.2 

25.6 

22.4 

7.7 

2.9 

Uncertain 

0.0 

5.1 

5.1 

3.5 

1.5 

Differences  between  the  groups  approach  significance  in  total  re- 
sponses (100  per  cent  minus  per  cent  of  no  response)  and  in  exten- 
sion of  all  toes,  favoring  the  group  judged  to  be  awake.  Indeed,  this 
group  gave  as  high  as  96.8  per  cent  response  as  opposed  to  74.4  per 
cent  for  the  group  judged  to  be  asleep.  The  difference  in  extension 
of  all  toes  is  even  greater:  67.8  per  cent  for  the  former  group,  43.7 
for  the  latter.  Other  differences,  smaller  and  of  less  significance, 
favor  the  group  judged  to  be  awake  in  mixed  response  and  the  group 
judged  to  be  asleep  in  uncertain  responses  and  extension  of  smaller 
toes. 

From  these  results  it  may  be  concluded  that  groups  of  newborn  in- 
fants judged  to  be  awake  or  judged  to  be  asleep  tend  to  differ  some- 
what significantly  in  general  toe  reactivity  to  stimulation  of  the  plantar 
surface.  The  group  judged  to  be  awake  responds  very  readily  (from 
94  to  100  per  cent  of  stimulations)  and  to  a  significantly  greater  ex- 
tent than  do  infants  judged  to  be  asleep.  This  difference  in  reactivity 
is  evidenced  to  a  lesser  extent  in  the  amounts  of  extension  shown  by 
each  group,  favoring,  of  course,  the  group  judged  to  be  awake. 

AGE 

The  percentages  of  response  per  stimulation  for  four  age  groups 
have  been  presented  in  Table  16  together  with  differences  between 
observers  and  between  their  median  frequency  percentage  and  the  per- 
centages of  agreements.     The  age  data  for  the  groups  are  as  follows: 

Age,  Months 

Standard 
Midpoint 

3.0 
12.0 
27.0 
50.5 


Age  Groups, 

Casi 

Months 

0  to 

5 

85 

6  to 

17 

37 

18  to 

35 

41 

36  to 

66 

41 

Mean 

Error 

St 

andard 

of  Mean 

Deviation 

.5 

.13 

1.3 

12.2 

.46 

2.9 

26.2 

.78 

5.0 

49.9 

1.26 

8.1 
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The   frequency   percentages   of  agreement  for   the  four  age   groups 
are  as  follows: 

Age  Groups,  Months 


Response 

0  to  5 

6  to  17 

18  to  35 

36  to  ( 

Extension 

50.6 

18.9 

12.2 

2.4 

Extension,  Great  Toe 

3.5 

8.1 

4.9 

2.4 

Extension,  Smaller 

Toes 

1.2 

2.7 

4.9 

0.0 

Flexion 

10.6 

27.1 

14.6 

7.3 

Mixed 

15.3 

16.2 

7.3 

4.9 

No  Response 

14.1 

16.2 

56.1 

83.0 

Uncertain 

4.7 

10.8 

0.0 

0.6 

Total  Responses 

85.9 

83.8 

43.9 

17.0 

The  differences  between  the  age  groups,  together  with  statistical  sig- 
nificance as  indicated  by  critical  ratios,  are  given  in  the  following 
tabulations^: 


Difference 

Age  Groups, 

Per 

Standard 

Critical 

Months 

Response 

Adjacent 

Cent 
Groups 

Error 

Ratio 

0  to  5 

Extension 

31.7 

8.4 

3.8 

and 
6  to  17 

Flexion 

16.5 

8.1 

2.0 

6  to  17 

No  Response 

39.9 

9.8 

4.1 

and 

Uncertain 

10.8 

5.1 

2.1 

18  to  35 

18  to  35 

and 

No  Response 

26.9 

9.8 

2.7 

36  to  66 

Nonadjacent  Groups 

0  to  5 

Extension 

38.4 

7.4 

5.2 

and 

No  Response 

42.0 

8.7 

4.8 

18  to  35 

Uncertain 

4.7 

2.4 

2.0 

Extension 

48.2 

5.8 

8.3 

0  to  5 

Mixed 

10.4 

5.2 

2.0 

and 
36  to  66 

No  Response 

68.9 

7.0 

9.8 

Uncertain 

4.7 

2.4 

2.0 

Extension 

16.5 

6.8 

2.4 

6  to  17 

Flexion 

19.8 

8.3 

2.4 

and  . 
36  to  66 

No  Response 

66.8 

8.4 

8.0 

ijyj    tKj    u^j 

Uncertain 

10.8 

5.1 

2.1 

Figure  8  presents  curves  for  each  type  of  response,  the  lower  curve 
being  for  total  responses. 

It  is  immediately  apparent  from  the  above  data  and  from  Figure  8 
that  total  responses,  extension  of  all  toes,  and  mixed  responses  decrease 


ISOnly    differences  with   critical    ratios   of   2   or   above   are   given. 
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Figure  8.     Individual    Curves    for    Percentages   of   Plantar   Responses    Secured 
Various  Ages 


in  frequency  with  age.  Uncertain  responses  seem  to  drop  out  rather 
definitely  before  any  other  type  of  response.  Extension  of  the  great 
toe  and  extension  of  all  toes  tend  to  maintain  a  fairly  consistent  low 
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Figure  9.     Relationship  Between  Percentages  of  Extension,  Flexion,  and  Total 
Responses  Secured  at  Various  Ages 

level  throughout,  the  latter  disappearing  entirely  by  four  years   (fifty 

months) . 

Examination  of  the  differences  between  age  groups  shows  that  they 

are  not  everywhere  significant.  The  differences  for  extension  of  smaller 
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toes  and  extension  of  the  great  toe  are  not  significant  in  any  instance, 
whereas  for  mixed  responses  there  are  no  significant  differences  be- 
tween adjacent  age  groups.  The  difference  between  the  youngest 
group  (zero  to  five  monthsj  and  the  oldest  group  (thirty-six  to  sixty- 
six  months  j  gives  a  critical  ratio  of  only  2,  and  therefore  it  is  of  little 
importance. 

For  uncertain  responses,  critical  ratios  are  in  no  case  high.  Only 
one  difference  of  any  significance  occurs  between  adjacent  age  groups, 
that  between  the  six  to  seventeen  month  group  and  the  eighteen  to 
twenty-five  month  group;  the  difference  here  has  a  critical  ratio  of 
only  2.L  The  six  to  seventeen  month  group,  which  gives  the  maximum 
amount  of  uncertain  responses,  differs  slightly  from  each  of  the  other 
groups. 

There  is  a  difference  of  some  significance  between  the  youngest  and 
oldest  age  groups.  None  of  the  differences  between  groups  for  uncer- 
tain responses  yields  a  critical  ratio  of  more  than  2,  however,  and 
merits  little  consideration. 

Differences  of  considerable  significance  are  apparent  in  the  per- 
centages at  various  age  levels  for  extension  of  all  toes  and  for  total 
response.  Although  the  differences  between  age  groups  for  flexion 
are  not  important  in  themselves,  they  are  of  interest  in  relation  to  ex- 
tension and  total  responses. 

Figure  9  has  been  drawn  to  indicate  graphically  the  relationship 
between  the  genetic  curves  for  total  responses,  extension  of  all  toes, 
and  flexion. 

Reference  to  the  data  and  to  Figure  9  indicates  the  following  points 
relative  to  the  relationship  of  age  to  plantar  responses: 

1.  The  frequencies  of  total  responses  and  of  extension  of  all  toes  tend 
to  decrease  with  age,  though  not  in  a  parallel  manner.  The  level  of 
total  responses  does  not  fall  at  from  six  to  seven  months,  but  by  eighteen 
to  thirty-five  months  has  taken  a  decided  drop  and  continues  dropping 
significantly  until  eighteen  to  sixty-six  months.  Extension  of  all  toes, 
however,  drops  markedly  at  six  to  seventeen  months  and  very  gradually 
after  that  age,  the  significance  of  differences  between  the  older  age 
groups  Ijeing  doubtful. 

2.  Flexion,  low  in  the  youngest  group,  attains  its  maximum  (27  per  cent) 
at  six  to  seventeen  months  (midpoint  of  about  one  year)  and  falls  off 
gradually  after  that.  The  only  significant  differences  between  percentages 
of  flexion  responses  per  stimulation  for  various  age  groups  occur  between 
the  highest  point  in  the  curve  (at  six  to  seventeen  months)  and  the  low- 
est points  in  the  curve   (at  the  youngest  and  oldest  ages). 
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In  Figure  1  the  sigma  curve  for  extension  of  all  toes  has  been 
drawn  for  purposes  of  comparison  with  other  studies. 

If.  in  order  to  analyze  further  the  factors  operative  in  the  genesis 
of  plantar  responses,  extension  of  all  toes  and  flexion  in  terras  of  the 
total  response  (100  per  cent  minus  per  cent  of  no  response)  are  con- 
sidered, interesting  data  are  obtained.  This  is  shown  in  the  following 
tabulation: 


Percent 

ages 

Lge  Group, 

Extension 

Flexion 

Ratio  of 

Months 

Total 

Total 

Flexion  to 

Response* 

Response* 

Extension 

0  to     5 

59.3 

12.8 

.21 

6  to  17 

22.3 

32.2 

1.44 

18  to  35 

28.3 

34.1 

1.20 

36  to  66 

14.1 

42.9 

3.04 

*These  values  multiplied  by  100 

The  percentages  of  total  responses  at  each  age  rather  than  of  total 
number  of  stimulations  yield  an  index  of  the  relative  importance  of 
either  extension  of  all  toes  or  flexion  as  typical  of  the  secured  re- 
sponses. The  percentages  indicate  that  at  zero  to  five  months,  where 
there  is  86  per  cent  response  to  stimulation,  more  than  half  (59  per 
cent)  of  this  response  is  extension  of  all  toes  and  only  13  per  cent 
is  flexion;  at  six  to  seventeen  months,  with  an  equal  amount  of  re- 
sponse, only  22  per  cent  is  extension  of  all  toes  and  32  per  cent  is 
flexion.  Figure  9  illustrates  graphically  these  tendencies  for  extension 
of  all  toes  and  flexion  to  predominate  in  the  responses  secured  at  the 
various  age  groups.  It  is  evident  that  flexion  continues  increasingly 
to  dominate  over  extension  in  the  responses  secured  at  later  ages. 
However,  since  total  responses  at  eighteen  to  thirty-five  months  amount 
to  but  44  per  cent,  and  at  thirty-six  to  sixty-six  months  to  but  17  per 
cent,  this  tendency  is  of  no  practical  significance. 

The  ratio  of  percentage  of  response  which  is  extension  and  per- 
centage which  is  flexion  shows  a  surprising  tendency  for  flexion  to 
increase  in  importance. 

POSTURE  AND  LOCOMOTION 

For  259  children,  ranging  in  age  from  zero  to  sixty-six  months, 
record  was  made  of  whether  the  child  could  or  could  not  sit,  stand,  or 
walk.  These  abilities  were  judged  by  two  observers  from  actual  ob- 
servation. The  data  with  respect  to  age  and  percentage  of  agreement 
in  judgment  of  responses  were  as  follows: 
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Age, 

Months 

Group 

Number 

Range 

Mean 

Standard 
Deviation 

Percentage 
Agreement 

Non-Sitters 

120 

0  to     8 

.9 

.6 

72.5 

Sitters 

25 

7  to  33 

12.7 

10.1 

72.0 

Standers 

10 

10  to  21 

13.9 

2.8 

60.0 

Walkers 

104 

12  to  66 

34.7 

12.2 

85.5 

The  group  of  sitters  and  the  group  of  standers  were,  of  course,  too 
small  in  number  to  permit  of  statistical  treatment.  The  percentages 
of  frequency  of  responses  noted  by  each  observer,  the  differences  be- 
tween them,  the  mean  frequency  percentages,  the  percentages  of  agree- 
ments which  could  be  ascribed  to  each  type  of  response,  and  the  com- 
parison between  this  agreement  distribution  of  percentages  and  the 
mean  distribution  are  presented  in  Table  16  for  three  postural  and 
locomotor  groups.  The  groups  are:  (1)  the  non-sitters,  (2)  the  inter- 
mediate group  together  (the  sitters  and  standers  which  are  a  group 
between  the  nonpostural  (non-sitters)  and  the  locomotor  (walkers), 
and  (3)  the  locomotor  (walkers). 

Comparisons  were  made  in  the  following  way:  The  nonpostural 
group  (non-sitters)  was  compared  with  the  intermediate  group  of  sit- 
ters and  standers.  The  latter  was  compared  with  the  locomotor  group 
or  walkers.  The  nonpostural  group  was  also  compared  with  the  loco- 
motor group.  The  age  range  of  the  nonpostural  group  was  zero  to 
eight  months;  of  the  intermediate  group,  seven  to  thirty-three  months; 
of  the  locomotor  group,  twelve  to  sixty-six  months.  For  extension  of 
all  toes,  flexion,  no  response,  and  the  remaining  responses  grouped  as 
other  responses,  the  following  results  were  obtained: 


Group 

Extension 

Stand- 
Per         ard 
Cent      Error 

Flexion 
Stand- 
Per         ard 
Cent      Error 

Other  Responses 
Stand- 
Per         ard 
Cent      Error 

NoR 

Per 
Cent 

esponse 
Stand- 
ard 
Error 

Response 

Nonpostural 

50.6 

5.4 

10.3 

3.2 

25.3 

4.6 

13.8 

3.7 

Intermediate 

16.7 

7.6 

29.2 

9.2 

29.1 

9.2 

25.0 

8.8 

Locomotor 

9.0 

3.0 

13.5 

3.7 

14.5 

3.8 

63.0 

5.1 

Nonpostural  and 
intermediate 

33.9 

9.4 

Differences 
18.9        9.7 

3.8 

10.3 

11.2 

9.5 

Intermediate 
locomotor 

and 

7.7 

8.2 

15.7 

9.9 

14.6 

9.9 

38.0 

10.2 

Nonpostural 
locomotor 

and 

41.6 

6.2 

3.2 

4.9 

10.8 

6.0 

49.2 

6.2 

It  is  evident  from  this  tabulation  that  the  intermediate  group  diff'ers 
significantly   from    the   nonpostural    only   in    presenting   a    lower   per- 
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centage  of  extension.  It  seems  to  be  but  slightly  less  reactive;  there 
i^  a  drop  from  86  per  cent  to  75  per  cent  in  total  responses  (100  per 
cent  minus  per  cent  of  no  response).  Comparing  the  intermediate 
group  with  the  locomotor  group,  there  is  a  significant  drop  in  total 
responses  (75  per  cent  to  37  per  cent  I  and  a  very  slight  drop  in  exten- 
sion of  all  toes  (from  17  per  cent  to  9  per  cent). 

Though  changes  in  flexion  are  insignificant,  they  indicate  a  rise  in 
the  frequency  of  this  response  at  the  age  of  sitting  and  standing,  and 
a  lowering  when  walking  is  established.  The  following  ratios  bring 
out  more  clearly  the  balance  of  extensor  and  flexor  factors  for  these 
groups : 

Percentages 


Extension 

Flexion 

Ratio  of 

Group 

Total 

Total 

Flexion  to 

Response 

Response 

Extension 

Nonpostural 

58.7 

12.0 

.20 

Intermediate 

21.3 

39.0 

1.83 

Locomotor 

24.3 

36.5 

1.50 

It  is  clear  that  at  the  age  of  sitting  and  standing  the  ratio  of  flexion 
to  extension  is  about  nine  times  as  great  as  it  is  in  the  nonpostural 
group.  This  dominance  of  flexion  in  the  intermediate  group  lessens 
somewhat  in  the  locomotor  group,  where,  of  course,  all  responses  have 
decreased  in  frequency  very  markedly  and  are  of  slight  importance. 

These  results,  indicating  a  greatly  increased  dominance  of  flexion 
over  extension  at  the  age  when  postural  and  locomotor  patterns  first 
appear,  are  obviously  similar  to  those  for  the  age  groups.  The  age 
and  posturo-locomotor  factors  are  obscured  by  virtue  of  the  facts  that 
both  plantar  responses  and  posturo-locomotor  patterns  are  functions 
of  age,  and  that  in  comparisons  for  the  study  of  these  latter  patterns 
age  is  not  held  constant. 

For  this  reason  an  attempt  was  made  to  study  the  relationship  of 
plantar  responses  to  posturo-locomotor  patterns  with  age  held  constant. 
The  group  of  sitters  and  slanders  ranged  in  age  from  seven  to  seven- 
teen months.  Within  the  lower  limit  of  the  age  range  were  two  cases 
of  non-sitters,  and  grouped  near  the  upper  limit  were  eleven  cases  of 
walkers.  The  data  with  respect  to  this  group  of  forty-six  children 
are  as  follows:  (In  this  tabulation  non-standers  equal  non-sitters  and 
sitters;    standers  equal   standers   and   walkers.) 
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Group 

Range 

Age, 
Mean 

Months 

Standard 

Error  of 

Mean 

Standard 
Deviation 

Non-Standers 
Slanders 

7  to  17 
10  to  17 

11.46 

14.15 

.57 
.41 

2.9 
1.8 

The  difference  between  the  mean  ages  for  the  two  groups  is  2.69 
with  a  sigma  of  .70,  which  gives  a  critical  ratio  of  3.8.  The  difference 
between  the  mean  ages  is,  therefore,  a  significant  one,  favoring  the 
standing  group  by  from  two  to  three  and  one-half  months. 

Results  obtained  with  these  posturo-locomotor  groups  of  children 
from  seven  to  seventeen  months  were  as  follows: 

Percentage  of  Response 


Judgment 

Cases 

Extension 

Flexion 

Other 

No 

Mean 

Responses 

Response 

Non-Standers 

26 

18.5 

22.2 

37.1 

22.2 

Slanders 

20 

30.0 

27.5 

37.5 

5.0 

Difference 

11.5 

5.3 

.4 

17.2 

Agreement 

Non-Standers 

20 

15.0 

25.0 

30.0 

30.0 

Slanders 

14 

28.6 

28.6 

42.8 

0.0 

Difference 

1.3.6 

3.6 

12.8 

30.0 

The  groups  of  standers  and  non-standers  presented  are,  of  course, 
too  small  to  allow  any  rigid  interpretation  of  results.  It  seems  safe  to 
conclude,  however,  for  these  groups  at  least,  that  standers  give  upon 
plantar  stimulation,  more  total  responses  (100  per  cent  minus  no  re- 
sponse), more  extension  of  all  toes,  more  other  responses  (which  is 
the  sum  of  extension  of  the  great  toe,  extension  of  smaller  toes,  mixed 
and  uncertain  responses),  and  slightly  more  flexion.  The  ratios  of 
extension  of  all  toes  and  of  flexion  to  total  responses  and  of  flexion 
to  extension  will  illustrate  the  balance  of  these  factors  within  each 
group. 

Percentages 


Total 
Response* 

Extension 

Total 
Response* 

Flexion 

Ratio  of 

Group 

Total 
Response* 

Flexion  to 
Extension 

Mean 

Non-Standers 
Standers 

70.0 
100.0 

21.4 
28.6 

Agreement 

36.8 
28.6 

1.72 
1.00 

Non-Standers 
Standers 

77.8 
87.5 

23.8 
34.3 

28.6 
31.4 

1.20 
.92 

*These  values  multiplied  by  100 
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It  is  apparent  that  for  these  groups  the  dominance  of  flexion  over 
extension  of  all  toes,  as  suggested  by  the  ratio  of  flexion  to  extension, 
is  greater  with  the  non-standers,  although  flexion  appears  to  be  prac- 
tically as  important  as  extension  of  all  toes  with  the  standers.  In  the 
discussion  of  age  factors  (p.  104-109)  it  was  evident  that  at  this  age  (six 
to  seventeen  months)  neither  flexion  nor  extension  tends  to  dominate 
the  other,  although  there  is  a  high  general  plantar  reactivity  as  indi- 
cated by  the  total  responses.  It  is  somewhat  apparent,  despite  a  spar- 
sity  of  cases,  that  there  are  no  well-defined  diff"erences  between  standers 
and  non-standers  when  age  is  held  constant.  There  are  differences, 
however,  when  groups  of  standing  and  non-standing  children  (as  well 
as  sitting  and  non-sitting  and  walking  and  non-walking  children)  are 
compared  irrespective  of  age. 

SUMMARY 

As  a  result  of  this  investigation  with  respect  to  sex,  sleep,  age,  and 
posturo-locomotor   behavior,    the   following   conclusions   were   drawn: 

1.  There  appear  to  be  no  reliable  sex  differences  in  the  frequency  of  plantar 
responses  at  the  level  of  the  newborn  infant. 

2.  Newborn  infants  awake  tend  to  show  more  response  than  do  those  asleep, 
and  consequently  more  of  the  predominating  response,  extension  of  all  toes. 

3.  Total  responses,  extension  of  all  toes,  and  mixed  responses  decrease  from 
the  outset  with  age  up  to  four  years.  After  an  initial  increase  in  frequency  at 
one  year,  flexion  of  the  toes  drops  out  gradually  thereafter.  Uncertain  responses 
are  practically  gone  after  one  year.  Extension  of  the  smaller  toes  and  of  the 
great  toe  are  low  throughout  and  do  not  appear  to  be  important  at  any  age.  They 
never  occur  as  frequently  as  in  10  per  cent  of  stimulations. 

Though  both  extension  of  all  toes  and  total  responses  become  increasingly 
infrequent,  their  curves  are  not  parallel.  Extension  of  all  toes  drops  from  50  per 
cent  to  19  per  cent  at  six  to  seventeen  months  and  very  gradually  thereafter.  The 
cur\e  for  total  responses  does  not  drop,  however,  until  eighteen  to  thirty-five 
months.  This  maintenance  of  total  responses  is  due  to  an  increasing  dominance 
of  flexion,  which  tends  to  replace  the  position  of  extension  of  all  toes  in  being  the 
dominant  response.  By  eighteen  to  thirty-five  months  responses  of  all  kinds  have 
dropped  to  44  per  cent  of  stimulations,  and  at  thirty-six  to  sixty-six  months  the 
amount  of  response  to  stimulation  is  practically  negligible  (17  per  cent). 

4.  A  nonpostural  group  of  infants  compared  with  those  who  can  sit  and  stand 
gives  more  extension,  while  both  these  groups  give  more  total  response  than  do 
children  who  can  walk.  When,  however,  age  is  held  constant,  differences  between 
standers  and  non-standers  are  not  significantly  indicated. 


CHAPTER  VI 

SUMMARY 

liKLIABILITY  OF  EXPERIMENTAL  RESULTS 

The  authors'  study  of  reliability  of  judgments  between  observers 
showed  that  personal  factors  are  operative  when  observations  are  made 
by  only  one  observer.  Important  among  these  factors  are  the  constant 
errors  shown  to  affect  observers'  judgments,  such  as  a  tendency  to 
agree  on  judgments  of  extension  of  all  toes  and  of  no  response,  which 
were  rather  frequent  in  all  groups  studied.  Another  factor  was  the 
tendency  to  disagree  on  those  types  of  judgment  which  were  definitely 
infrequent  in  all  distributions,  that  is,  extension  of  the  smaller  toes 
only  and  uncertain  response.  It  is  possible  that  accuracy  of  judgment 
is  low  for  infrequently  noted  responses,  but  the  frequency  of  responses 
is  not  necessarily  a  factor  in  increasing  accuracy  of  judgment. 

The  use  of  motion  pictures  showed  that  if  an  observer  is  permitted 
by  viewing  and  reviewing  to  watch  for  details,  he  tends  to  judge  a 
response  differently  than  if  allowed  to  examine  the  response  only 
once,  as  in  the  clinical  situation.  The  results  suggest  also  that,  when 
a  particular  feature  of  the  response,  such  as  extension,  is  sought,  judg- 
ments of  that  type  tend  to  be  more  frequent. 

These  results  would  indicate  that  the  reader  of  a  particular  study  in 
the  literature  might  do  well  to  consider  critically  the  means  of  noting 
and  classifying  responses  and  the  frequency  of  those  responses.  An 
author's  preexperimental  point  of  view  may  also  be  a  factor  of  no 
slight  importance. 

The  results  regarding  stimulatory  conditions,  as  presented  in  the 
experiments  reported  in  Chapter  IV,  would  indicate  that  direction  of 
stroke  and  area  stroked  do  not  greatly  affect  the  nature  of  the  responses 
of  infants.  Stroking  the  internal  border  induces  somewhat  less  re- 
sponse than  does  stroking  other  surfaces.  This  finding  is  in  agreement 
with  the  results  of  Davidson  with  adults  (see  p.  67-68  for  discussion)  ; 
it  is  also  in  line  with  the  opinion  of  the  majority  of  clinical  neurolo- 
gists, who  urge  stroking  the  outer  surface  for  optimum  results.  There 
is  no  evidence  that  the  Bersot  type  of  stimulation — from  heel  to  toe 
along  the  external  border  and  thence  across  the  metatarsal  arch  to  the 
joint  of  the  great  toe — is  at  all  superior  in  calling  out  responses. 
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It  is  not  dilBcult  to  state  the  implication  of  these  findings  for  the 
general  clinical  approach  to  the  study  of  reflexes.  One  of  the  im- 
mediate conclusions  of  this  study,  and  in  the  opinion  of  the  authors 
not  the  least  important,  is  the  discovery  that  the  scientific  validity  of 
the  clinical  method  of  observing  plantar  responses  is  open  to  consid- 
erable doubt.  If  this  is  the  situation  in  regard  to  plantar  responses, 
a  natural  inference  may  at  least  be  entertained  with  respect  to  the  clini- 
cal study  of  other  reflexes.  It  is  not  impossible  that  a  check  on  ob- 
servations of  a  single  clinician  might  enhance  the  reliability  of  the 
results  obtained. 

It  is  a  notorious  practice  of  many  clinicians  and  experimentalists 
who  work  on  the  problem  of  the  physiological  reflex  to  ignore  such  an 
obvious  category  as  no  response  to  stimulation.  Again,  it  has  been 
a  common  practice,  at  least  among  students  of  plantar  phenomena,  to 
look  for  so-called  typical  responses,  such  as  extension  or  the  Babinski, 
to  the  exclusion  of  other  responses  which  may  or  may  not  be  equally 
significant.  Throughout  this  monograph  a  finding  consistent  in  all  the 
experiments  was  that  total  activity  of  the  toes  was  important  over  and 
above  any  single  type  of  response,  although  in  some  cases  types  of 
response  were  significant.  It  is  possible  that  this  situation  may  hold 
for  many  other  reflexes. 

TYPICALNESS  OF  RESPONSE 

The  question  of  typicalness  of  response  is,  of  course,  a  recurrent 
one.  What  are  the  criteria  of  typicalness?  Under  given  stimulating 
conditions,  should  one  consider  as  typical  of  the  group  the  response 
occurring  upon  50  per  cent  of  stimulations,  upon  75  per  cent,  or  upon 
100  per  cent?  Should  a  response  to  be  typical  exceed  all  other  re- 
sponses by  10  per  cent,  by  50  per  cent,  or  by  100  per  cent?  What 
degree  of  consistency  on  the  part  of  any  given  individual  is  necessary 
for  the  response  to  be  typical  ?  Until  some  criterion  of  typicalness  is 
established  for  reflexes  the  constancy  of  reflex  phenomena  is  open  to 
question. 

These  and  like  questions  cannot  be  answered  here,  but  their  per- 
tinency suggests  that  one  is  not  on  solid  ground  in  using  the  concept 
of  typicalness  unless  it  is  defined  at  the  outset  of  an  experiment  at  least 
in  an  arbitrary  manner. 

For  this  reason  the  authors  have  not  attempted  to  use  the  concept 
of  typicalness  in  any  sense  in  their  own  work. 
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MECHANISM  AND  SIGNIFICANCE  OF  PLANTAR  RESPONSES 

A  number  of  explanations  for  the  mechanism  of  plantar  responses 
have  been  set  forth  in  the  literature.  That  the  problem  may  essen- 
tially be  one  of  a  balance  of  factors  at  the  periphery  is  suggested  by 
several  studies:  (1)  The  work  of  Bourguignon  (see  page  55  for  dis- 
cussion) showed  the  possibility  of  a  change  in  the  chronaxia  of  the 
extensors  and  flexors  accounting  for  the  change  in  response  in  the 
course  of  time  after  birth.  (2)  The  curves  of  mechanical  response 
of  the  extensor  hallucis  together  with  the  action  current,  as  presented 
by  Salomonson  (95),  show  that  the  first  response  to  stimulation  (in 
the  case  of  the  Babinski  reflex  of  the  pathological  adult  j  is  an  elec- 
trical response  of  tetanic  character,  which  seems  to  induce  the  mechani- 
cal response  and  then  to  subside,  while  the  latter  response  continues 
for  some  time. 

The  results  of  the  present  study  show  that  when  the  toes  of  infants 
are  originally  flexed  there  is  less  extension  than  under  normal  condi- 
tions. When  the  toes  are  extended,  however,  there  are  considerably 
more  flexor  movements  than  under  normal  conditions.  This  would 
argue  in  favor  of  the  tone  of  the  extensor  being  somewhat  prepotent 
to  a  change  upon  stimulation:  there  is  no  evidence  of  such  a  tendency 
on  the  part  of  the  flexor. 

Against  the  theory  that  peripheral  tone  may  be  a  factor  stands  the 
work  of  Zador  (117).  He  showed  that  scopolamine,  which  can  pro- 
duce a  positive  Babinski  sign,  reduces  tone  whereas  physostigmine, 
which  abolishes  the  Babinski  sign,  increases  tone.  Zador  believes  this 
eff^ect  of  scopolamine  to  be  due  to  direct  action  on  the  pyramidal 
system. 

Despite  the  insistence  of  Walshe  (108)  that  bending  the  knee  and 
turning  the  head  toward  the  side  stimulated  should  increase  the  likeli- 
hood of  response,  Davidson's  work  with  normal  adults  showed  that 
tliis  was  not  the  case  (see  page  68  for  discussion).  It  is  possible  that 
postural  reflexes,  as  implied  by  these  conditions,  are  not  operative  in 
modifying  this  cutaneous  reflex. 

Explanations  of  plantar  phenomena,  as  due  to  conditions  of  a  cen- 
tral origin,  are  more  frequent.  As  has  been  indicated  throughout  this 
study,  these  explanations  have  been  the  result  of  the  evidence  from 
adult  clinical  neurology,  referring  the  Babinski  response  to  lesions  in 
the  cortico-spinal  or  pyramidal  pathways,  or  more  exactly  to  extra- 
pyramidal influences  by  lesion  removed  from  pyramidal  modification. 

Several    authors    (Friedman     (44),    Solomon     (100),    Rabiner    and 
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Keschner  (89),  van  Woerkom  (105).  Rudolf  (92j,  and  others)  have 
argued  that  the  Babinski  reflex  in  the  adult  represents  a  reversion  to 
the  prehensile  function  of  the  foot  as  shown  by  lower  primates.  Rabi- 
ner  and  Keschner  argue  that  animals  in  whose  posture  dorsiflexion  or 
extension  of  the  toes  is  important  are  those  whose  extrapyramidal  sys- 
tems are  more  highly  developed  than  in  man  at  the  expense  of  the 
pyramidal  system,  which  in  man  is  dominant.  Rudolf,  as  has  been 
noted,  reported  extension  of  the  toes  in  lower  animals  who  were  pri- 
marily tree  climbers.  This  author  also  argues  phylogenetically  from 
Riddoch's  (91)  observations  on  patients  with  spinal  transection.  Rid- 
doch  has  noted  that,  after  the  spinal  shock  of  such  patients,  flexion 
was  the  first  plantar  response  to  return  and  that  it  was  followed  by 
extension.  Rudolf  (92)  noted  the  appearance  of  repsonses  in  that 
order  phylogenetically.  The  evidence  presented  by  Rudolf  was  not 
corroborated  by  Fulton  and  Keller  (45),  who  found  normally  only 
flexion  in  all  the  animals  studied  (including  the  primate  series). 

As  to  the  view  that  the  Babinski  reflex  is  a  reversion  to  the  reflexes- 
of  the  period  when  the  hallux  was  an  opposable  member.  Fulton  and 
Keller  state: 

"The  fallacy  of  this  argument  is  only  too  apparent  in  view  of  the  fact 
that  the  chimpanzee  with  its  opposable  hallux  has  a  Babinski  response 
similar  in  all  details  to  that  seen  in  the  human  being."    (45,  p.  125) 

Despite  the  meagre  evidence  for  the  phylogenetic  theory  mentioned 
above,  it  has  enjoyed  considerable  popularity.  One  of  its  consequences 
has  been,  of  course,  the  atavistic  interpretation  of  infantile  plantar 
phenomena  as  representative  of  an  earlier  stage  of  evolution,  as  well 
as  of  the  adult  pathological  Babinski  sign.  That  the  evidence  for  this 
similarity  is  extremely  questionable  should  be  obvious  from  the  fol- 
lowing discussion. 

In  the  first  place,  few  of  the  studies  reported  in  the  literature  have 
shown  (1)  that  the  responses  of  infants  are  the  counterpart  of  the 
Babinski  reflex  and  (2)  that  even  if  extension  of  all  toes  is  regarded 
as  similar  to  the  Babinski.  it  occurs  in  sufficient  frequency  to  be  con- 
sidered a  normal  physiological  function  at  that  level. 

Secondly,  it  has  been  impossible  thus  far  to  determine  accurately  at 
what  age  extension  of  the  toes  disappears.  In  the  present  experiment 
this  response  had  decreased  to  19  per  cent  at  one  year,  but  in  at  least 
one  other  experiment  it  remained  as  high  as  45  per  cent  at  two  years 
(Figure  1) . 

In  the  authors'  experiment  with  respect  to  the  genesis  of  plantar  re- 
sponses, as  well  as  in  the  data  with  respect  to  the  pressure  variable, 


118  IOWA  STUDIES  IN  CHILD  WELFARE 

it  was  shown  that  infant  responses  are  characterized  largely  by  their 
frequency,  very  slightly  by  their  quality.  In  other  words,  no  particu- 
lar type  of  response,  such  as  extension  of  the  toes,  appears  to  stand 
out  sufficiently  to  warrant  its  being  regarded  as  the  normal  physio- 
logical function  at  any  level.  The  important  feature  appears  to  be 
that  upon  plantar  stimulation  young  infants  give  a  great  number  of  all 
kinds  of  responses,  whereas  children  from  three  to  four  give  very  few. 
Extension  of  the  toes  seems  to  predominate  in  the  first  few  months, 
but  liexion  of  ihe  toes  lends  to  assume  a  role  of  equal  importance  by 
the  first  year.  Yet  this  predominance  is  in  no  sense  sufficiently  great 
in  terms  of  frequency  for  the  responses  to  be  called  typical.  After 
the  first  year  all  responses  tend  to  become  less  and  less  frequent  until 
their  occurrence  is  insignificant. 

It  is,  of  course,  possible  that  plantar  responses  drop  out  as  the 
result  of  maturation  of  pyramidal  tract  function,  but  this  fact  is  by  no 
means  established.  That  this  maturation  of  function  is  somewhat 
chronologically  parallel  to  the  myelinization  of  these  tracts  is  sug- 
gested by  the  work  of  Langworthy  and  others  (see  page  16;  22-25  for 
discussion),  but  that  myelinization  is  necessary  for  such  function  at  a 
given  time  has  not  been  proved  in  any  way.  Pratt  (86,  p.  191)  criti- 
cizes the  interpretation  of  the  Babinski  sign  in  infancy  as  indicative 
of  incomplete  myelinization.  He  cites  as  evidence  for  his  criticism 
the  fact  that  the  flexor  reflex  is  securable  during  fetal  life  and,  as 
reported  by  Lantuejoul  and  Hartmann,  immediately  after  birth.  This 
criticism  hardly  seems  justified  in  the  light  of  Minkowski's  interpreta- 
tion of  his  own  finding  of  flexion  in  fetuses  as  being  of  a  spinal  origin, 
entirely  free  of  pyramidal  influence  (see  pages  25-27  for  discussion). 
A  more  justifiable  criticism  of  the  theory  that  the  dropping  out  of 
plantar  responses  of  infants  is  due  to  the  functional  maturation  of 
the  pyramidal  tracts  would  be  in  the  meager  evidence  that,  with  age 
held  constant,  factors  indicating  pyramidal  tract  function,  such  as 
postural  and  locomotor  abilities,  have  any  relationship  to  plantar 
responses.  This  relationship  has  indeed  been  suggested  by  many. 
Fleischner's  results  (see  pages  59-60  for  discussion)  show  that  for 
groups  of  children  from  nine  months  to  one  year  of  age  non-standers 
may  show  more  extension  of  all  toes;  however,  results  of  the  present 
study  (including  children  of  a  larger  age  range  though  smaller  in  num- 
bers of  cases)  do  not  corroborate  his  findings.  It  is  possible  that  some 
such  relationship  exists,  but  it  would  seem  to  the  authors  that  it  should 
be  more  obvious  if  the  pyramidal  factor  is  regarded  as  all  important. 


PLANTAR  RESPONSES  OF  INFANTS  119 

Feldman  (40)  believes  that  there  is  sufficient  myelinization  at  l)irth 
to  warrant  flexor  responses,  but  that  the  body  temperature  of  the  infant 
is  responsible  for  a  tendency  to  extension.  This  influence  operates 
supposedly  through  a  congestion  of  blood  in  the  region  of  the  cord, 
thus  preventing  proper  innervation  of  the  segment  by  interference  with 
the  upper  neurone,  and  lowering  the  temperature  at  the  periphery. 
Feldman  believes  his  data  with  respect  to  greater  extension  in  low 
temperature  groups  of  children  to  be  sufficient  for  his  theory.  The 
differences  between  his  groups  segregated  for  temperature  are.  how- 
ever, too  slight  to  warrant  such  an  interpretation. 

From  the  standpoint  of  the  mechanism  of  plantar  responses  it  is  in- 
teresting to  consider  the  data  regarding  sleep.  Kleitman  (see  page  44 
for  discussion)  reported  that  adults  who  were  sleeping  after  a  pro- 
longed insomnia  gave  a  Babinski  response  (extension)  almost  invari- 
ably. Collier  (30)  reported  that  children  up  to  twelve  often  gave 
extensor  responses  in  sleep.  If  sleep  is  regarded  as  a  release  of  cor- 
tical control,  these  findings  would  suggest  that  the  extensor  response 
may  result  from  a  functional  release  from  higher  centers,  as  well  as 
from  such  release  due  to  injury  to  the  pyramidal  tract.  Should  this 
be  the  case,  it  is  not  so  difficult  to  interpret  the  finding  of  Tournay 
with  this  single  case  of  uremia  (see  pages  44-45  for  discussion),  the  pa- 
tient giving  extension  during  the  phase  of  apnoea  in  Cheyne-Stokes 
respiration.  In  this  case  the  removal  of  cortical  influence  is  implied, 
of  course,  as  due  either  to  temporary  asphyxiation  or  to  temporary 
anemia  of  the  cortex. 

In  the  review  of  the  literature  in  Chapter  II  it  was  pointed  out  that 
Waggoner  and  Ferguson  (see  pages  42-44  for  discussion)  found  greater 
amounts  of  extension  in  infant  groups  awake  than  in  groups  asleep. 
This  same  result  was  obtained  by  Pratt,  Nelson,  and  Sun  (see  pages  42-44 
for  discussion)  and  in  the  authors'  work  with  newborn  infants.  Thus, 
adults  asleep  tend  to  give  more  extension,  and  infants  asleep  tend  to 
give  less.  It  is  hardly  possible  that  sleep  in  the  infant  is  due  to  a 
"resting  cortex"  since  there  is  little  evidence  from  any  source  that  the 
cortex  at  this  level  is  of  any  functional  significance.  Using  the  con- 
clusions from  clinical  neurology  and  from  the  work  of  fetuses,  the 
facts  of  the  case  might  possibly  be  explained  as  follows: 

In  the  adult,  sleep  is  supposedly  a  removal  of  cortical  influence 
over  lower  centers;  hence  the  extension  of  toes.  In  the  infant,  however, 
in  whom  the  cortex  is  not  functional,  extensor  responses  are  frequent 
but  decrease  in  frequency  during  sleep.     It  might  be  suggested  that  this 
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decrease  in  frequency  during  sleep  may  be  due  to  a  functional  removal 
of  the  midbrain  centers  to  the  extent  that  the  infant  is  rendered  a  spinal 
animal,  so  to  speak.  The  responses  which  Minkowski  believes  to  char- 
acterize the  spinal  stage  of  development  are  flexor.  It  will  also  be 
recalled  that  the  first  responses  to  reappear  after  spinal  transaction 
in  the  human  adult  (91)  are  predominantly  flexor  in  character.  This 
theory  that  infantile  sleep  may  differ  physiologically  from  adult  sleep 
has,  of  course,  no  evidence  to  support  it,  but  it  does  help  to  explain 
the  apparent  disagreement  of  results. 

Clinical  neurologists  have  been  almost  unanimous  in  regarding  ex- 
tension of  the  toes  as  associated  with  the  withdrawal  reflex  flexion  of 
the  limb;  that  is,  it  is  associated  with  flexion  of  the  ankle,  knee,  and 
hip  (perhaps  a  part  of  the  "flexion  reflex"  of  the  English  physiolo- 
gists) .  The  entire  picture  has  been  regarded  as  a  reflex  of  defense  by 
some  investigators.  Some  doubt  is  lent  to  this  conclusion  by  the  work 
of  Davidson  (see  pages  66-67  for  discussion )  who  with  normal  adult  sub- 
jects used  a  pain  stimulus  (pin  prick)  at  the  base  of  the  toes,  and 
found  flexor  responses  to  predominate.  Collier  (30)  has  suggested 
that  flexion  of  the  toes  by  increasing  dermal  thickness  renders  the 
plantar  surface  of  the  foot  less  vulnerable,  and  is  consequently  a  de- 
fense type  of  response. 

This  explanation  of  Davidson's  results  seems  plausible  as  far  as 
pain  stimuli  are  concerned.  There  is,  however,  much  agreement  with 
respect  to  the  surface  of  the  foot  stroked,  showing  that  stimuli  of  the 
internal  border  of  the  foot  result  in  greater  withdrawal  and  less  toe 
response  than  does  stroking  other  surfaces.  This  may  be  due  to  the 
fact  that  with  walkers  the  external  border  is  more  callous  and  less 
"ticklish";  thus  stimuli  applied  here  are  less  off'ensive.  It  seems  pos- 
sible that  the  withdrawal  phenomena  may  take  place  largely  in  re- 
sponse to  light  stimuli,  and  that  they  are  not  necessarily  extensor  in 
character.  To  pain  stimuli,  on  the  other  hand,  the  "reaction  of  de- 
fense" seems  to  be  a  positive  development  of  resistance  to  stimuli  by 
increasing  dermal  resistance  of  the  plantar  surface. 

Wolpert  (116),  Peiper  (84),  and  others  have  urged  that  the  infan- 
tile types  of  response  are  not  Babinski  reflexes  in  any  sense,  but  are 
athetoid  movements  of  the  toes.  Burr  (24)  concluded  from  his  work 
with  infants  (see  Table  1  pages  30-33)  that  the  responses  of  infants 
are  variable  and  uncertain,  and  are  classified  with  difficulty.  Bersot 
(10,  11,  12)  and  later  Pratt,  Nelson,  and  Sun  (87),  and  Pratt  (85,  86) 
have   urged    that   infantile   plantar   phenomena,   both   with    respect   to 
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receptor  area  and  innervation  of  effector  segments,  are  generalized 
reactions  involving  not  only  the  toes  but  the  feet,  legs,  limbs,  and  in 
some  cases  the  entire  body  (as  evidenced  by  crossed  responses  and 
the  like) . 

The  author's  work  with  respect  to  plantar  phenomena  of  infants 
and  children  at  various  age  levels  was  confined  to  the  reactions  of  the 
toes  only.  It  showed  rather  conclusively  that  the  responses  of  infancy 
may  be  of  several  categories,  none  of  which  is  typical.  Rather,  infant 
responses  are  characterized  best  by  their  greater  frequency  as  com- 
pared with  those  of  later  years.  There  was,  it  is  true,  a  tendency  for 
extensor  responses  to  predominate  in  the  first  few  months  and  for 
flexor  responses  to  equal  or  exceed  slightly  the  importance  of  the  ex- 
tensor responses  at  one  year.  These  responses,  however,  are  in  no  sense 
typical.  After  one  year  all  responses  tended  to  drop  out.  so  that  the 
child  from  four  to  five  years  of  age  gave  little  response  and  that  was 
of  no  significance. 

It  would  thus  appear  that  the  infantile  generalization  of  response 
of  which  Pratt  (85,  86)  speaks  manifests  itself  not  only  in  the  anatomi- 
cal area  involved  but  also  in  the  nature  of  the  responses  elicited.  This 
generalization  of  mechanism  and  of  nature  of  response  maintains  a 
consistently  high  level  throughout  the  first  year  or  year  and  a  half; 
then  it  slowly  depreciates  until  for  all  practical  purposes  it  has  dis- 
appeared at  four  years  of  age.  That  the  process  is  at  first  a  definite 
emergence  of  typical  responses,  such  as  flexion,  may  be  the  case,  but 
such  a  process  is  by  no  means  experimentally  established. 

It  would  appear,  therefore,  that  plantar  responses  in  human  develop- 
ment are  variable  and  inconsistent  at  birth  and  probably  during  fetal 
life.  Gradually,  however,  there  emerges  from  this  mass  activity  of 
the  limb  a  more  definite  reactivity  of  the  toes.  Perhaps  there  emerges 
also  from  the  mass  activity  of  the  toes  a  more  definitive  toe  response, 
tending  slightly  at  first  to  be  of  extensor  character  and  eventually  (at 
from  six  to  eighteen  months)  of  flexor  character  as  well.  Gradually 
all  reactivity  appears  to  decrease  until  at  four  or  five  years  it  has  be- 
come negligible,  and  the  characteristic  result  of  plantar  stimulation  is 
the  elicitation  of  no  response  whatever. 
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Notes  on  Conditions  of  Experiments  Reported  in  the 
Literature  of  Human  Subjects 

Bersot   (10.  11,  12) 

Instrument:  Reported  to  be  calibrated  at  300  grams 

Stroke:   Up  external  border  to  metatarsal  arch  and  thence  across  under  toes 
to  internal  border — the  Bersot  stimulation  referred  to  throughout  this  work 

Quality  and  pressure  of  stimulus:  Attempted  uniform  pressure,  300  grams 

Response:  In  terms  of  muscle  groups  operating  in  response 
Bryan  (22) 

Instrument:  Pencil 

Condition:  Both  asleep  and  awake 

Stroke:  Midline,  toe  to  heel 

Other  conditions:  Leg  supported  in  palm  of  left  hand,  clasped  below  knee 

Response:  Not  clear;  pictures  to  illustrate 
Burr  (24) 

Stroke:  Says  outside  border  gives  best  results  but  stroked  all  borders 

Response:  Only  flexion  and  extension  of  toes  regarded  as  reflex  responses 
Chaney  and  McGraw  (26) 

Instrument:  Toothpick  applicator 

Stroke:  Bersot 

Quality  and  pressure  of  stimulus:  Constant,  not  strong  enough  to  excite  "deep 
sensibility" 

Feet  warm :  Yes 

Response:  Pictures 
Cohn  (29) 

Conditions:   Hold  leg  firmly  so  that  leg  and  foot  responses  are  less  likely  to 
mask  toe  responses 
Collier  (30) 

Instrument:    Finger  nail  or  soft  quill 

Quality  and  pressure  of  stimulus:    Minimal 

Response:  Pictures.  Records  were  taken  by  system  of  levers  nn  lielly  of  muscle, 
strings  on  toes 
Davidson  (32) 

Instrument:    Calibrated  applicator  (McCouch) 

.Stroke:    Lp.    Heel  to  toe 

Quality  and  pressure  of  stimulus:    Varied,  used  pain  as  well  as  stroke 

Other  conditions:    Varied  position  of  leg,  head,  distraction,  and  so  fortli 

Response:    Noted  responses  of  great  toe  and  of  other  toes,  each  as  a  group: 
noted    response    to    calcaneal    stimulation,    metatarsal    arch    stimulation,    and 
after  stimulator  had  left  the  foot 
De  Angelis  (33) 

Quality  and  pressure  of  stimulus:    "Passed  simply" 

Condition:    Both  asleep  and  awake 

Other  conditions:    Resting,  crying,  and  so  foith,  not  segregated 
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Eiigstler  (39) 

Stroke:    Alternate  external  and  internal  ])()rders,  heel  to  toe  and  toe  to  lieel 
Feldman  (40) 

Conditions:    Feet  warm;  sometimes  pacify  by  breast  or  bottle 

Response:    True  Babinski  is  slow  extension  of  great  toe. 
Fleischner  (43) 

Stroke:    Alternate  external  and  internal,  heel  to  toe  and  toe  to  heel 

Quality  and  pressure  of  stimulus:    Lightest  possible  to  call  out  reflex 

Other  conditions:    Feet  warm 
Furfey,  Bonham,  and  Sargent  (46) 

Response:    Two  observers  noted  quantity  of  response,  not  nature 
Jones  (52) 

Response:    Babinski  is  extension  of  toes. 
Kalischer  (53) 

Stroke:    Longitudinal 

Other  conditions:    Feet  warm,  leg  across  experimenter's  knees 
Kleitman   (59)' 

Instrument :    Pencil 

Stroke:    Inside  and  outside  borders 

Condition:    Asleep 
Lantuejoul  and  Hartman   (65) 

Instrument:    Point,  or  better,  head  of  a  pin 

Quality  of  pressure:    Light  and  strong,  taking  into  account  tenderness  of  infant 
skin 

Other  conditions:    Noted  laterality 
Pratt,  Nelson,  and  Sun   (87) 

Instrument:    Calibrated  applicator 

Quality  and  pressure  of  stimulus:    About  2  grams 

Conditions:    Noted  laterality,  asleep  and  awake,  dryness 
Rudolf  (92) 

Conditions:    Noted  laterality 

Response:    Babinski  is  extension  of  great  toe. 
Sherman  and  Sherman  (99) 

Instrument:    Dull-pointed  pencil 

Stroke:    Down  midline 
Waggoner  and  Ferguson  (106) 

Instrument:    Calibrated  applicator  (McCouch) 

Quality  and  pressure  of  stimulus:    80  grams  and  250  grams 

Stroke:    Quadrants  of  foot,  noted  by  wax  point  on  instrument 

Conditions:    Segregated  infants  asleep  and  awake 

Response:    Stimulation  until  they  were  sure  they  had  "true  reaction'" 
Walton  and  Paul  (109) 

Instrument:    Blunt  orange  stick 

Stroke:    Heel  to  toe,  outer  and  middle  areas 

Quality  of  stimulus:  "deliberate  and  even" 
Watson  and  Watson  (110) 

Instrument:    Match  stick 

Response:    "Babinski"  (extension) 
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Wolff  (115) 

Instrument :    Smooth  handle  of  reflex  hammer 

Stroke:    Outer  border 

Quality  and  pressure  of  stimulus:    Stroked  lightly 

Condition:    Feet  warm,  asleep  and  awake  segregated,  laterality  noted 

Weight  and  Length  Criteria  Used  by  Feldman  (40) 

The  following  tabulation  gives  the  weight  and  length  criteria  as  used  by  Feld 
man   (40)   and  referred  to  in  Chapter  II: 


Weight 

Height 

Age 

(Pounds) 

(Inches) 

1st    week 

Less  than 

5.00 

2nd  week 

Less  than 

5.50 

3rd  week 

Less  than 

5.75 

4th  week 

Less  than 

6.00 

1st    month 

Less  than  19.00 

5th  week 

Less  than 

6.50 

6th  week 

Less  than 

6.75 

7th  week 

Less  than 

7.00 

8th  week 

Less  than 

7.25 

2nd  month 

Less  than  20.00 

9th  week 

Less  than 

7.50 

10th  week 

Less  than 

8.00 

11th  week 

Less  than 

8.25 

12th  week 

Less  than 

8.50 

3rd  month 

Less  than  20.25 

14th  week 

Less  than 

8.75 

4th  month 

Less  than 

9.00 

Less  than  20.50 

5th  month 

Less  than 

10.00 

Less  than  21.00 

6th  month 

Less  than 

11.00 

Less  than  22.00 

7th  month 

Less  than 

12.00 

Less  than  23.00 

8th  month 

Less  than 

13.00 

Less  than  23.50 

9th  month 

Less  than 

14.00 

Less  than  24.00 

10th  month 

Less  than 

14.50 

Less  than  24.00 

11th  month 

Less  than 

15.00 

Less  than  24.50 

12th  month 

Less  than 

16.00 

Less  than  25.00 

13th  month 

Less  than 

17.50 

18th  month 

Less  than 

20.00 

19th  month 

Less  than 

21.00 

2nd  year 

Less  than 

23.00 
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